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DUBISG the summer of 1860, 1 waa surpriaed by find- 
ing how large "a number of lasocta were caught by tho 
leaves of the common suiwlew (Drosera rotundifolia) on 
a heath in Sussex. I had heard that insects were thus 
ctiiight, but knew nothing further on the aubject.' I 



■ A« Dr. Nitachke ban given 
J'BoL Zeitong,' IHUO, p. ■ii'J) tho 
biblingniph)' of Drosera, 1 ne«l 
not here go into details. Host of 
Uu) Botieai publixhoi) befoie 1S«0 
an brief and mtimpnrtant. The 
oldsjl paper eeenu to have been 
oiie of the roost valnablo, namely, 
bj Dr. Roth, in 17»2. There la 
aiga an interestini!: though short 
ucountof the habits nf Drosera hy 
Dr. Hilda, in the 'Dot. Zeitnng,' 
185^|i.M0. InI«65,inthe'Aii. 
nalei dea So. nat. hot.' torn. Mi. pp. 
297 atul ^1, HM. Uroinland and 
Tr^onl each publishiidpuppnr, with 
flj^ORB, on the ktructura of the 



knvDi: but M. Trr'cul went so 
fkr as to doubt whcthui Ihoy poa- 
sussed an J power of inovumunt 
Dr. Nitwhhe's papcra in the ' But. 
Zvitun)*' for IHUi) and 1861 aro 
by Tar tho most important ones 
nbicb have been puEilisbed, Uitli 
on tbo hahiU and structure i>f 
this plant; and 1 shall frequently 
have occdsion to quote from 
them. His discussions on saveml 
points, for InntMncu ou tho tmns- 
missioD of an eieltemcnt from oiio 
patt of the hmt to another, aro 
oxcellvnt. Oil Dec. II, I8iy2, Hr. 
J. Kcott rend a jnpcr liefiiro Iho 
Boluidok] tkiuiil)' of Edinburgh, 



2 DEOSERA KOTCNDIFOLIA. Cuap. L 

gathered by chance a dozen plants, bearing fifty-six 
fully expanded leaves, and on thirty-one of these dead 
insects or remnants of them adhered ; and, no (louT)t, 
many more would have been caught afterwards by these 
same leaves, and atil! more by those as yet not ex- 
panded. On one plant all aix leaves had caught their 
prey; and on several plants very many leaves had 
caught more than n single insect. On one large leaf 
I found the remains of thirteen distinct insecU. 
Fliea (Diptcra) are captured much oftencr than other 
msects. The largest kind which I have seen caught 
was a Binull butterfly (^C/enonymjJta pamphHus) ; but 
the Rev. H. M. Wilkinson informs me that he found a 
large living dragon-fly with ita body firmly held by 
two leaves. As this plant ia extremely common in 
some districts, the number of insects thus annually 
slaughtered must be prodigious. Jlany plants causu 
the death of insects, for instance the sticky buds of 
the horse-chestnut {JEsadus hippocastamim), without 
thereby receiving, ns far as we can perceive, any od- 
vantage; but it was soon evident that Urosera waa 



whicli waa published in the Gar- 
■Itiiur'B ClironiclP,' lSti3, p. ar). 
Mr.HdOltuhowii thatgciitkinitii- 
tinnuf tlinhaJra, as well oa iiieccti 
pluced nn the duo of the leaf, 
raiao the buiiB to "bend in- 
WBTdB. Mr. A- W. Bennelt also 
g.'irc annthtr interctitiiis account 
□f the mriTcmcntB of the luavca 
bi fore the British Ateociutinn for 
1873. Ill thia ea\m Ji-ut Dr. 
Wamin- i.iil.li-}ii-.l ;.ti <>«iy, in 

of tllf ^....■.,ll..l'l.irr'-.\.,ihtl»l, 

"Bur U iJill.r,i,.-..r„r„. 1,.b Tri- 
chnnios," Ao , lilriic-lnl froru the 
iiinivt"iinj^ 'if tin; S-w. d'ilist. 
Nat. ilo Opuiihaj-ue. I ehjiil alwi 
liave ociamiou lifftufliT to refer 



oliBorvuliuuti ou the puuer oF true 
dii-eatioD pinweHBed liy DroBem 
and ifiiiniva Grat uppcBred. Prof. 
Ami Gray hiu dnne good aerviou 
by nailing attention to DroHtni, 
ami to plliiT plmit» having siniiliir 
habits, in 'The Nation' (1874, pp. 
liKlaii'l'JH-^hnndianlhorpublica- 
tiiiua. Ur. Honber, ahio, in Li^ 
iiuportnut .iddreM on (.'nmivoroiia 
l'lant»(]trit.AEuv<o.,Be]riu<t, 18741, 
Uaa gircn a liinturj of tbe Biibjoct. 
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excellently adapted for the special purpose of catch- 
ing iuaecta, so that the subject seemed well wortliy of 
iifvestigatiun. 

The results have proved highly remarkable ; the 
more important ones being — firstly, the extraordinary 




sonsitivpncss of the glands to slight pressiiro and t<i 
minute doses of certain nitrogenous fluids, as showTi 
by the movements of the so-callcil hiiirs or tentut-lta; 



• The drawlnCT "f Omiwrft anc 
Dinnnii, given in tl>i« ii'»rk. wer< 
mailo lor mo by my son (SmrKi 
Ihinrin ; Ui'W <if AMmvnmlo. iiiu 
of the B«ven.l apxk-i, of liiri 



piilBrid, hj mj wm Frnneis. They 
linvo bepn pscillmilly rpprodum^il 
IM1 Wrtid by Mr. Couper, ItW 
eiranil. 
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secou'lly, the power possessefl by the leaves of render- 
ing soluble or digesting nitrogenona substances, and 
of afterwards absorbing tbem ; thirdly, the changes 
which take place within the cells of the tentacles, when 
the glands are excited in rarious ways. 

It is necessary, in the first place, to describe briefly 
the plant. It bears from two or three to five or six 
leaves, generally extended more or less horizontally, 
but sometimes standing vertically upwards. The shape 
and general appearance of a leaf is shomi, as seen 
from aboTo, in fig, 1, and as seen laterally, in fig. 2. 
The leaves are commonlv a little broader than long. 




but this was not the case in the one here figured. 
The whole upper surface is covered with gland-bearing 
filaments, or tentacles, as I shall call them, from tbeir 
manner of acting. The glands were counted on thirty- 
one leaves, but many of these wero of unusually large 
size, and the average number was 102; the greatest 
number being 260, and the least 130. The glands ore 
each surrounded by large drops of extremely viscid 
secretion, which, glittering in the sun, have given rise 
to the plant's poetical name of the sun-dew. 

The tcntaclM on the cpntml part of tho loaf or disc aro 
eliort and ttlond ii{)nf;ht, and tht'tr plxUcoIr are green. Towards 
tbo toni^iti they become longer and loogcr and moro ioclinod 
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outvorda, with their pedicels of a purple colour. Those on the 
extreme margin project in the same pkue with the leaf, or more 
commonly (see fig. 2} arc conEJderably rcfleied. A few tentcLcles 
Bjiring from thu base of the footstalk or petiole, and these are 
the longest of all, being somctimefl nearly i of an inch in length. 
On a leaf bearing altogether 252 tentacles, the short ones on 
the disc, haTtng groca pedicels, were in niinilier to the lont^t 
Bubmarginal and mai^inal tentacles, having purple pedicels, as 
nine to sixteen. 

A tentacle constats of a tliin, straight, hair'like pedicel, carry- 
ing a gland on the aummit. The pedicel in somewhat flattened, 
and is Ibnned of suverdl rows of elongated cells, filled with purple 
fluid or granular matter.* There is, however, a narrow zone 
close beneath the glands of the longer tentacles, and a brooder 
Koae near their baaes, of a green tint. Spiral vcbbcIs, accom- 
panied by simple vasonlar tissue, branch oif from the vascular 
bundles in the blade of the leaf, and run up all the tentacles 
into the glands. 

Several eminent pliysioIogiEta have discn.sscd the homolc^cal 
nature of these appendages or tentacles, that is, whether they 
ought to be considered as hairs (trichomes) or prolougntione of 
the lea£ Nitschkc has shown that the; Ifaclnde all the elements 
proper to the blade of a leaf; and the fact of their including 
vascular tissue was formerly thought to prove that they were 
prolongations of the leaf but it is now known that ves^ls some- 
timea enter true hairs-t The power of movement which they 
possess is a strong argument against their being viewed as hairs. 
The conclusion which seems to me tho most probable will be 
(;iven in Chap. XV., namely that they existed primordially as 
glandular hairs, or mere epidermic formationa, and that their 
upper part ahonld still bo so considered; but that their lower 

* Aoonrding to Nitschke (' Bot. 
Zcilang,' IN61, p. 224) the purple 
tliiid nieults frocn the inctiuiior- 
jjboBiBof clilorophjU. Mr. Sorby 
eiaminod Uie colonring mnttor 
<Hith the KpcctniscopD, and iii- 
tonnt me that it eotiuifita of Oiu 
onmiDODest Bpeciea o( erythrn- 

Ehyll,''wliich isofU-n mijtwith in 
»va> with low vitiility, nnii in 
jnrta, like the pi-lioli'.-i, whicli 
carry on leaf-fniicti'inB in a vry 
impprTn-t muntii^r. All tlint cnn 
bo a^d, tbiTtforc, if tbut Lhu hiiin 
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part, whioli filane ia pa|iabIo oF moTement, consiKls of a proion- 
gation of tlitv luuf ; thu spiral vestals tming (txti:»iJud from lliia 
to the nppennoEt part. We shall hereafter fco that the ter- 
minal tcDiaclcs of the diyidud leaves of liuridula ore bUII ia 
on intermediate condition. 
The t'lands, with the eiccption of tliose borne l>.v the cxtrctno 




IicmglliHllnal itMon ofa gUnd ; Erttllf muEnlHi 



mafRiiial tentacles, aro oval, aiid of nearly imirnrm frize, viz. 
alwut ^Jp of BD inch in Itenpth. Tlicir Btrdctiirc is rcmnrkaWe, 
and tht^ir functionB eomplex, for they eecrcte, absorb, and are 
acted i>n by various Btiniulants. Tboy eonKist of an outer layer 
of Ruiall pi>l.rt!0]ial cuIIk, coutiiiuing pur|>lo priinulnr matter or 
fluid, and with the wuUh thiclicr than tli(KH} of the pedicelit. 
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Within this layer of cells there is an inner one of differently 
shaped ones, likewise filled with purple fluiJ, hut of a slightly 
diffijrent tint, and differently offected by chloride of gold. Those 
two layers are sometimes well seen when a gland has been 
crufibai or boiled in caiiistic pofaBli. According to Dr. Warming, 
there is still another layer of much more elongated cells, as 
shown in the accompanyiog section (Hg. 8) copied from his 
work; but these cells were not seen by Nitechke, nor by me. 
In the centre there is a gronp of elongnted. cylindrical cells of 
uneqaol lengths, blautly pointed at their upper ends, truncated 
or rounded at their lower ends, cloeely preissed together, and 
remarkable from being surrounded by a spiral hno, which can be 
separated as a distinct fibre. 

These latter cells are filled with hmpid fluid, which after long 
immersion in alcohol deposila much brown matter. I presume 
that they are actually connected with the epiral veRRcls which run 
up the tentacles, for on sereml occasions the latter were seen to 
divide into two or three excessirely thin branches, which could 
be tiac4fd close up to the spiriferoua cells. Their development 
lias been deserilied by Dr. Warming. Colls of the same kind 
have been observed in other plants, a» I hear from Dr. Hooker, 
and were seen by me in the margins of the hjaves of Tinguicula. 
Whatever their function may be, they are not necessary for the 
eecretion of the digestive fluid, or for absorption, or for the 
communication of a motor impulse to other porta of the leaf, 
as we may infer from the structure of the glands in tome other 
genera of the Droseraccffi. 

The extreme nmrgiaal tentacles differ plightlj from the others. 
Their hofes arc broader, and besides their own vessels, they 
receive a fine branch from- those which enter the tentacles 
on each side. Their glands are mnoh elongated, and lie em- 
bedded on the upper surface of the pedicel, instead of standing 
at the apex. In other respects they do not differ cfisentialiy 
from the oval ones, and in one specimen I found every possible 
transition between the two states. In auotluT Bi.)ecimen there 
were no long-headed glands. Tliceo marginal tentacles lose 
their irritability earlier than the others ; and when a stimnlns 
is applied to the centre of the leaf, they are excited into action 
after the others. When cut-off leaves are immersed in water, 
they alone often become inflecled. 

The purple fluid or gronnlar matter which fills the cells of 
the glands differs to a certain extent from that within the 
cells of the pedicels. For when a leaf is placed ia hot water or in 
certain aciJs, tlie glands become tiuile white and ojiaque, whcrona 
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the cells or the pcdiPela arc rendered of a, bright red, with the 
exception of thoee dose beneath the glands. These latter cells 
lose their pale red tint ; and the green matter which they, as 
well OS tlio bnsal ccUh, contnm, bucomcs of a brighter green. 
The petioles bear ninny multicolliilnr haire, some of which 
noor t!io blade nro Biiruiountod, according to Nitscliko, by a 
few rounded cells, which appear to lie rudimentary glands. 
Both Burfacoa of the leaf, the podicela of the tentacles, eapc- 
cialiy the lower sides of the outer ones, and the petioles, are 
studtiod with minute papillie (hairs or tricbomes), having a 
conical basis, and bearing on their sammits two, and occasion- 
ally three or even four, rounded cells, containing much proto- 
plasm. These papillie are generally colourless, but sometimes 
include a little purple fluiiL They vary in ilevelopment, and 
graduate, as Nitschkc * states, and as I repeatedly observe<l 
into the long multicellular haira. The latter, as well as the 
IMkpilliB, are probably rndimcnts of formcrty existing tentacles. 

I may here add, in order not to recur to the papilla), tliat they 
do not secrete, but are easily permeated by various fluids : thus 
when living or dead leaves ore immersed in a solution of one 
part of chloride of gold, or of nitrate of silver, to 4S7 of water, 
they are quickly blackened, and the discoloration soon spreads 
to the surrounding tissue. The long multicellular hairs are 
not BO quickly sfibcted. After a leaf had been left in a weak 
infusion of raw meat for 10 hours, the cells of the papilla? had 
evidently absorbed animal matter, for instead of limpid fluid 
they now conteined small aggregated masses of protoplasm, 
which slowly and incessantly changed their forms. A similar 
result followed from an immersion of only 15 minutes in a 
solution of one part of carlionate of ammonia to 218 of water, 
and the adjoining cells of tho tentacles, on which the papillfo 
were seated, now likewise contained aggregated masses of proto- 
plasm. We may therefore oouclude tliat when a leaf has closely 
clasped a captxired insect in tho manner immediately to be 
described, the papillie, which project from tho upper surfaco 
of the leaf and of the tentacles, probably absorb some of the 
animal matter dissolved in the secretion ; bat this cannot Tie 
the case with tiie papilla on the backs of the leaves or on tho 
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Preliminary Sketch of tlte Action of the several Parts, and 
of the Manner in which Insects are Captured. 

If a aiiiall orgfinic or inorgsiuic object be jdaeed on 
tlie glands in the centre of a leaf, these transmit a 
motur impulse to the marginal tentacles. The nearer 
ones are irst affected and slowly bend towards the 
centre, and then those farther off, until at last all 
become closely inflected over the object. This takes 
place in from one hour to four or five or more hours. 
The difference in the time required depends on many 
circumstances ; namely on the size of the object and 
on its nature, that is, whether it contains soluble 
matter of the proper kind ; on the vigour and age of 
the leaf; whether it has lately been in action; and, 
according to Nitschke,* on the temperature of the 
day, as likewise seemed to me to be the case, A living 
insect is a more efficient object than a dead one, as 
in struggling it presses against the glands of many 
tentacles. An insect, such as a fly, with thin integu- 
ments, through which animal matter in solution can 
readily pass into the surrounding dense secretion, is 
more efBcient in causing prolonged inflection than an 
insect with a thick coat, such as a beetle. The inflec- 
tion of the tentacles takes place indifferently in the 
light and darkness ; and the plant is not subject to 
any nocturnal movement of so-called sleep. 

If the glands on the disc are repeatedly touched or 
brushed, although no object is left on them, the 
marginal tentacles curve inwards. So again, if drops 
of various fluids, for instance of saliva or of a solu- 
tion of any salt of ammonia, are placetl on the central 
glands, the same result quickly follows, sometimes in 
under half an hour. 

• ■ Bot Zeitnng,' l8tK), p. 2)G. 
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The tentacles in the act of inflection sweep tliroiigh 
a wide space ; thus a marginal tentacle, extended in 
the same plane with the blade, moves through an angle 
of 180"; and I have seen the much reflected tentacles 
of a leaf which stood upright move through au angle 
of not less than 270'. The bending part is almost 
confined to a short space near the base ; bat a rather 
larger portion of the elongated exterior teutiiclcH 
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Ijccomes slightly incurved; the distal half in all cases 
rt-maining straight. The short tentacles in the centre 
of the disc wlien directly excited, do not become in- 
flected; but they arc cjipable of inflection if excited 
by a motor impulse received from oflier glands at a 
distance. Thus, if a leaf is immersed in an infusion 
of raw meat, or in a weak solution of ammonia (if the 
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BolutioQ is at all strong, the leaf is par^ysod), all the 
exterior tentacles bend inwards (see fig. 4), excepting 
those near the centre, which remain upright ; but these 
bend towards any exciting object placed on one side 
of the disc, as shown in fig, 5. The glands in fig. 4 
may be seen to form a dark ring round the centre ; and 
this follows from the exterior tentacles increasing in 
length in due proportion, as they stand nearer to the 
circumference. 

,The kind of inflection which the tentacles undergo 
ia best shown when the gland of one of the long exterior 
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tentacles is in any way excited; for tho surrounding 
ones remain unaffected. In the accompanying outline 
(fig. 6) we see ono tentacle, on which a particle of 
meat had been placed, thus bent towards the centre of 
the leaf, with two others retaining their original 
position. A gland may he excited by being simply 
touched three or four times, or by prolonged contact 
with organic or inorganic objects, and various fluids. I 
have distinctly seen, through a lens, a tentacle begin- 
ning to bend in ten seconds, after an object had been 
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placed on its gland ; and I have often seen strongly 
pronounced inflection in under one minute. It is sur- 
prising how minute a particle of any snbatance, such 
as a bit of thread or hair or splinter of glass, if placed 
in actual contact with the surface of a gland, suffices 
to cause the tentacle to bend. If the object, which has 
been carried by this movement to the centre, be not 
Tery small, or if it contains soluble nitrogenous matter, 
it acta on the central glands ; and these transmit a 
motor impulse to the exterior tentacles, eausing tliem 
to bend inwards. 

Not only the tentacles, but the blade of the leaf 
often, but by no means always, becomes much in- 
CHiTcd, when any strongly exciting snbstiinee or fluid 
is i»luced on tho disc. Drops of milk and of a solution 
of nitrate of ammonia or soda are particiilarly apt to 
produce this effect. The blade is thus converted into 
a little cup. The manner in which it bends varies 
greatly. Sometimes the apex alone, sometimes one 
side, and sometimes both sides, become incurved. For 
instance, I placed bits of hard-boiled egg on three 
leaves ; one had the apex bent towards the base ; tho 
second had both distal margins much incurved, so 
that it became almost triangular in outline, and this 
perhaps is tho commonest case ; whilst tho third blade 
was not at all affected, though tho tentacles were as 
closely inflected as in the two previous cases. Tho 
whole blade also generally rises or bends upwards, and 
thus forms a smaller angle with tho footstalk than it 
did before. This appears at first sight a distinct 
kind of movement, hut it results from the incurvation 
of that part of the margin which is attached to tho 
footstalk, causing the blade, as a whole, to curve or 
move upwards. 

The length of time during which the tent;icles as 
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well as the blade remain inflected over an object placed 
on the disc, depends on various circumatances ; namely 
on the vigour and age of the leaf, and, according to 
Dr. Nitschke, on the temperature, for during cold 
weather when the leaves are inactive, they re-expund 
at an earlier period than when the weather I3 warm. 
But the nature of the object is by far the most 
important circumstance ; I have repeatedly found that 
the tentacles remain clasped for a much longer average 
time over objects which yield soluble nitrogenous 
matter than over those, whether organic or inorganic, 
which yield no such matter. After a period varying 
from one to seven days, the tentacles and blade re- 
expand, and are then ready to act again. I have seen 
tlie same leaf inflected three successive times over 
insects placed on the disc ; and it would probably 
have acted a greater number of times. 

The secretion from the glands is extremely viscid, 
so that it can be drawn out into long threads. It 
appears colourless, but stains little balls of paper pale 
pink. An object of any kind placed on a gland always 
causes it, as I believe, to secrete more freely ; but 
the mere presence of the object renders this difficult 
to ascertain. In some cases, however, the effiict was 
strongly marked, as when particles of sugar were 
added ; but the result in this caao is probablj due 
merely to exosmoae. Particles of carbonate and phos- 
phate of ammoniarand of some other salts, for instance 
sulphate of zinc, likewise increase the secretion. Im- 
mersion in a solution of one part of chloride of gold, 
or of some other salts, to 437 of water, excites the 
glands to largely increased secretion; on the other 
band, tartrate of antimony produces no such effect. 
Immersion in many acids (of the strength of one part 
to 437 of water) likewise causes a wonilcrful amount of 
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Becretion, so that ivhen the leaves are lifted ont, long 
ropes of extremely viscid fluid hang from them. Somo 
acids, on the other hand, do not act in this manner. 
Increased secretion is not necessarily dependent on 
the inflection of the tentacle, for particles of sugar and 
of anlphate of zinc cause no movement. 

It is ft much more rcmarkaLlo fact that n'hen an 
object, Buch as a hit of meat or an insect, is placed on 
the disc of a leaf, as soon as the surrounding tentacles 
become considerably inflected, their glands pour forth 
an increased amount of secretion. I ascertained this 
by selecting leaves with equal-sized drops on the two 
sides, and by placing bits of meat on one side of the 
disc; and as soon aa the tentacles on this side bccanio 
much inflected, but before the glands touched the meat, 
the drops of secretion became larger. This isas re- 
peatedly obsen'ed, but a record was kept of only 
thirteen cases, in nine of which increased secretion was 
plainly observed ; the four failures being due either to 
the leaves being rather torpid, or to the bits of meat 
being too small to cause much inflection. We must 
therefore conehido that the central glands, when 
strongly excited, transmit some influence to the glands 
of the circumferential tentacles, causing them to secrete 
more copiously. 

It *s a still more important fact (as we shall see 
more fully when wo treat of the digestive power of 
the secretion) that when the tentacles become inflected, 
owing to the central glands having been stimulated 
mechanically, or by contact with animal matter, the 
secretion not only increases in quantity, but changes 
its nature and becomes acid; and this occurs bcl'oro 
the glands have touched the object on the centre of 
the leaf. * This acid ia of a different nature from that 
contained in the tissue of the leaves. As long as the 
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tentacles remain closely inflected, the glands continue 
to secrete, and tlie secretion is acid ; so that, if neu- 
tralised by carbonate of soda, it again becomes acid 
after a few hours, I have observed the same leaf with 
the tentacles closely inflected over rather indigestible 
snbstances, such as chemically prepared casein, pour- 
ing forth acid secretion for eight successive days, and 
over bits of bone for ten successive days. 

The secretion seems to possess, like tlie gastric juice 
■ of the higher animals, some antiseptic power. During 
very warm weather I placed close together two ecjual- 
sized bits of raw meat, one ou a leaf of the Drosom, 
and the other surronaded by wet moss. They were 
thus left for 48 hrs,, and then examined. The bit on 
the moss swarme<l with infusoria, and was so much 
decayed that the transverse striaa on the muscular 
fibres could no longer be clearly distinguished; 
whilst the bit on the leaf, which was bathed by tho 
secretion, was free from infusoria, and its stria; were 
perfectly distinct in the central and undissolved por- 
tion. In like manner small cubes of albumen and 
cheese placed on wet moss became thrcaderl with 
filaments of mould, and bad their surfaces slightly 
discoloured and disintegrated; whilst those on the 
leaves of Drosera remained clean, the albumen being 
changed into transparent fluid. 

As soon as tentacles, which have remained closely 
inflected during several days over an object, begin to 
re-expand, their glands secrete less freely, or cease 
to secrete, and are left dry. In this state they are 
covered with a film of whitish, semi-fibrous matter, 
which was held in solution by the secretion. The 
drying of tho glands during the act of re-expan- 
sion is of some little service to the plant; for I have 
often observed that objects adhering to tbc leaves 
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could then be blown away by a breath of air ; the 
leaves being thus left uncne umbered and free for future 
action. Nevertheless, it often happens that all the 
glands do not become completely dry ; and in this 
case delicate objects, such as fragile insects, are some- 
times torn by the re-expansion of the tentacles into 
fragments, which remain scattered all over the leaf. 
After the re-espansion is complete, the glands quickly 
begin to re-secrete, and as soon as full-sized drops 
are formed, the tentacles are ready to clasp a new 
object. 

When an insect alights on the central disc, it ia 
instantly entangled by the viscid secretion, and the 
surrounding tentacles after a time begin to bend, and 
ultimately clasp it oa all sides. Insects are generally 
killed, according to Dr. Nitschke, in about a quarter 
of an hour, owing to their tracheie being closed by 
the secretion. If an insect adheres to only a few of 
the glands of the exterior tentacles, these soon 
become inflected and cany their prey to the tentacles 
next succeeding them inwards; these then bend in- 
wards, and so ounurds, until the insect is ultimately 
carried by a curious sort of rolling movement to the 
centre of the leaf. Then, after an interval, the ten- 
tacles on all sides become inflected and bathe their 
prey with their secretion, in the same manner as 
if the insect bad first alighted on the central disc. It 
is surprising how minute an insect sufliccs to eauso 
this action : for instance, I have seen one of the 
smallest species of gnats (Culox), which had just 
settled with ita excessively delicate feet on the 
glands of tho outermost tentacles, and these were 
already beginning to curve inwards, though not a 
single gland had as yet touched the body of the 
insect. Had I not interfered, this minute gnat would 
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assuredly have been carried to the centre of tho leaf 
and been securely clasped on all sides. We shall 
hereafter see what excessively small doses of certain 
organic fluids and saline solutions cause strongly 
marked inflection. 

Whether insects alight on the leaves by mere 
chance, as a resting-place, or are attracted by the 
odour of the secretion, I know not. I su3i)ect from 
the number of insects caught by tho English species 
of Drosera, and from what I have observed with some 
exotic species kept in my greenhouse, that the odour 
is attractive. In this latter case the leaves niny be 
compared with a baited trap ; in the former case with 
a trap laid in a run frequented by game, but without 
any bait 

That the glands possess the power of absorption, is 
shown by their almost instantaneously becoming dark- 
coloured when given a minute quantity of carbonate of 
ammonia ; the change of colour being chiefly or exclu- 
sively due to the rapid aggregation of their contents. 
When certain other fluids are added, they become pale- 
coloured. Their power of absorption is, however, best 
shown by the widely different results which follow, 
from placing drops of various nitrogenous and non- 
nitrogenous fluids of the same density on the glands 
of the disc, or on a single marginal ghmd ; and like- 
wise by the very different lengths of time during which 
the tentacles remain inflected over objects, which yield 
or do not yield soluble nitrogenous matter. This 
same conclusion might indeed have been inferrerl from 
the structure and movements of the leaves, which are 
80 admirably adapted for capturing insects. 

The absorption of animal matter from captured 
insects explains how Drosera can flourish in extremely 
poor peaty soil, — in some cases where nothing but 
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sphagnum niosa growa, ant] mossca dopcnd altogether 
on thu atmosphere for their nourishment. Although 
the leaves at a hasty glance do not appear green, owing 
to the purple colour of the tentacles, yet the upper and 
lower Burfacca of the blade, tho podieels of the central 
tentacles, and the petioles contain chlorophyll, so that, 
no douht, the plant ohtains and assimilates corhonic 
acid from tho air. Nevertheless, considering the 
nature of the soil where it grows, tho siipply of nitrogen 
wonld be extremely limited, or qnito deficient, unless 
the plant had the power of obtaining this important 
element from captiircfl insects. We can thus under- 
stand how it ia that the roots are so jwDorly developed. 
These usually consist of only two or three slightly 
divided brancht'S, from half to one inch in length, 
furnished with absorbent hairs. It appears, therefore, 
that the roots serve only to imbibe water ; though, no 
doubt, they wonld absorb nutritious matter if present 
in the soil ; for as wo shall hereafter see, they absorb 
a weak solution of carbonate of ammonia. A plant 
of Drosera, with the edges of its leaves curled in- 
wards, 80 as to form a temporary stomach, with the 
glands of the closely inflected tentacles pouring forth 
their aeid secretion, which dissolves animal matter, 
afterwards to be absorbed, may bo said to feed like an 
animal. But, differently from an animal, it drinks by 
means of its roots ; and it must drink largely, so as to 
retain many drops of viscid fluid round the glands, 
sometimes as many as 2t)0, exposed during tho whole 
day to a glaring sun. 
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I WILL give in this And the toDowia^ rhapt^n tone of 
the numj- experimaito umie, vbicb b»I illostnte the 
muuier and rate ot morement ot the tentacles, when 
excited in ruiotu mjrs. The glands alone in all 
onlinaiy cases are scsceptiUe to eicilemeiiL When 
excited, they do not themselrcs dkitc or change fonn, 
hot transmit a motor impnUe to the bending part of 
their oim and adjoining tentacles, and are thus carried 
towards the centre of the leaf. StricilT speaking, the 
glands ought to be called irriuble, aa the term sensi- 
tive generaily implii.« consciousness ; bat no one sap- 
poses that the •Sensittve-plaut is conscioos, and as I 
have found the term conrenient, I shall nsc it witbont 
Ecmple. I will commence with the morements of the 
exterior tentacles, when indirectly excited by stimolants 
applied to the glands of the short tentacles on the disc. 
The exterior tentacles ma^ be said in this case to be 
indirectly excited, because their own glands are not 
directly acted on. The stimulos proceeding bom the 
glands of the disc acts on the bending j>art uf the 
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exterior teutacles, near tlicir bases, and dues not (as 
will hereafter be proved) first travel up tbe pedicels to 
the glands, to be then reflected back to the bending 
place. Nevertheless, some inflncnce does travel up to 
the glands, causing them to secrete more copiously, 
and the secretion to become aeid. This latter fact 
is, I believe, quite new in the physiology of plants; 
it has indeed only recently been established that in 
the animal kingdom an influence can be transmitted 
along the nerves to glands, modifying their power of 
secretion, inJependeutly of the state of the hlood- 



The Inpdion of Ike Exterior Tentacles from th-e Glands 

of t!ie Disc being excited hy Bejpeated Touches, or hy 

Objects left in Contact with them. 

The central glands of a leaf were irritated with a. 
small stiff camel-hair brush, and in 70 m. (minutes) 
several of the outer tentacles were inflected ; in 5 hrs, 
(hours) all the sub-marginal tentacles were inflected ; 
next morning after an interval of about 22 hrs. they were 
fully re-expanded. In all the following cases the period 
is reckoned from the time of first irritation. Another 
leaf treated in the same manner had a few tentacles 
inflected in 20 m. ; in 4 hrs. all the submarginal and 
some of the extreme marginal tentacles, as well as tho 
edge of the leaf itself, were inflected ; in 17 hrs. they 
had recovered their proper, expanded position. I then 
put a dead fly in the centre of the last-mentioned leaf, 
and next morning it was closely clasped ; five days 
afterwards the leaf re-expanded, and the tentacles, 
with their glands surrounded hy secretion, were ready 
to act again. 

Particles of meat, dead flies, bits of paper, wood, 
dried moss, sponge, cinders, glass, &c,, were repeatedly 
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placed OD leavefl, aad these objects were well embraced 
in Tarions periods from 1 hr. to as long as 24 hrs., and , 
set £ree again, with the leaf fuily re-espanded, in frum 
one or two, to aeven or even ten days, according to 
the nature of the object. On a leaf which had 
naturally caaght two flies, and therefore had alreadj 
closed and reopened either once or more probublj 
twice, I put a fresh fly : in 7 hrs. it was moderately, 
and in 21 hrs. thorooghly well, clasped, with the 
edges of the leaf inflected. In two days and a 
half the leaf had nearly re-expanded ; as the exciting 
object was an insect, this unusually short period of in- 
flection was, no doubt, due to the leaf having recently 
been in action. Allowing this same leaf to rest for 
only a single day, I put on another fly, and it again 
closed, but now very slowly ; nevertheless, in less than 
two days it succeeded in thoroughly clasping the fly. 

When a small object is placed on the glands of the 
disc, on one side of a leaf, as near as possible to 
its circumference, the tentacles on this side are first 
aflected, those on the opposite side much later, or, as 
often occurred, not at alL This was repeatedly proved 
by trials with bits of meat ; but I will here give only 
the case of a minute fly, natorally caught and still 
alive, which I found adhering by its delicate feet to 
the glands on the extreme lefi side of the central disc. 
The marginal tentacles on this side closed inwards 
and killed the fly, and after a time the edge of the 
leaf on this side also became inflected, and thus 
remained for several days, whilst neither the tentacles 
nor the edge on the opposite side were in the least 
aflWted. 

If young and active leaves ore selected, inorganic 
particles not larger than the head of a small pin, 
placed on the central glands, sometimes cause the 
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onter tentacles to bend inwanla. But this follows 
much moro surely and quickly, if the object contains 
nitrogenous matter which can be disaolved by the 
secretion. On ono occasion I observed the follow- 
ing unusual circiunstance. Small bits of raw meat 
{which acts more energetically than any other sub- 
stance), of paper, dried moss, and of the quill of a 
pen were placed on several leaves, and they wore all 
embraced equally well in about 2 hrs. On other " 
occasions the above-named substances, or more com- 
monly particles of glass, coal-cinder (taken from tho 
fire), stone, gold-leaf, dried grass, cork, blotting-paper, 
cotton-wool, and hair rolled up into little balls, were 
used, and these substances, though tliey were some- 
times well embraced, often caused no movement what- 
ever in the outer tentacles, or an extremely slight and 
glow movement. Yet these same leaves were proved to 
be in an active condition, as they were excited to movo 
by substances yielding soluble nitrogenous matter, 
such as bits of raw or roast meat, th© yolk or white of 
lx>iled eggs, fragments of insects of all orders, spiders, 
&c. I will give only two instances. Minute flies were 
placed on the discs of several leaves, and on others 
balls of paper, bits of moss and quill of about the same 
size as the flies, and the latter were well embraced 
in a few hours ; whereas after 25 hrs. only a very 
few tentacles were inflected over the other objects. 
The bits of paper, moss, aud quill were then removed 
from these leaves, and bita of raw meat placed on them ; 
and now all tho tentacles were soon energetically 
inflected. 

Again, particles of coal-cinder (weighing rather more 
than the flies used in the lust experiment) were placed 
on the centres of three leaves: after an interval of 
li) lirs. one of the particles was tolerably well cmbniccd ; 
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a second by a yutj few tentftclea ; and a third by none. 
I then removed tlie particlea from the two latter loaves, 
and put on them recently killed Qiea. These were 
fairly well embraced in 7J hra. and thoroughly after 
fiuj hrs. ; the tentacles remaining indeeted for many 
subsequent daya. On the other hand, the one leaf 
which hod in the course of 19 hrs. embraced the bit of 
cinder moderately well, and to which no fly was given, 
after an additional 33 hra. (i. e. in 52 hra. from the 
time when the cinder waa put on) was eomitleteiy 
re-expanded and ready to act again. 

From these and numerous other experiments not 
worth giving, it ia certain that inorganic Bubstancea, 
or aiich organic substances as arc not attacke<l by the 
secretion, act much leaa qnitikly and efficiently than 
organic substances yielding soluble matter which is 
absorbed. Moreover, I have met with very few excep- 
tions to the rule, and these exceptions apparently 
depended on tho leaf having been too recently in 
action, that the tentacles remain clasped for a much 
longer time over organic bodies of the nature just 
specified than over those which arc not actfd on by 
the secretion, or over inorganic objects.* 
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* OwinE to the cxtraIl^Una^y 
bulief hold b. M. ZicKltr ('Comp- 
ta reiwlnii,' Muy 1872, p. 122), 
that allratiiiunuH Butmtauocn, if 
held for a mnment bctwocn tho 
fluKi-n, acquire th<i property of 
■naking the tentacles of DrmiGra 
OoDtntCt. wbereas, if not IIidh held, 
they huTe no mch nnwi^r, I triod 
tome oxpcrunenta with grant mrc, 
but the reenlts did not conflrm 
thii belief. Red-hot clndcra were 
taken nut of the flre, and liita 
of gUus, cntlAD'thiead, blotting 
paper and thiu bUcm of aitk 
•ere LniluorBod in boiling vaiei ; 



and pojtfclcH were then jiliuwil 
(■■very iimtnunoiit witli which 
tlicy were touched having iM'on 
prt'viounly imnii'ifled in holling 
watiT) on tlio EhinilB nf gevi-rul 
lw.KH, nnil liny ufti-il in enictly 



» nth(-i 






tieloB, wliich hml wt-n puqiosely 
hunrllLil for sddiu time. BIta nf 
a lxiik--I oj-g, cut with a knifo 
whieh hiid Uxin RHiihod in bniliag 
wati-r, ilIfio acted like any other 
nidniiit sulwtBn™. I breathed ou 
gome Icflvca for aTiore a minute, 
mid rGjioitGd the act twu or three 
tiuiM, with my mouth cloeo to 



24 DROSEEA ROTUNDIFOLIA. Ch*i-. IL 

The Inflection of the Exterior Te)itacles as directly caused 
hjf Objects left in Contact with tlieir Glands. 
I made a vast number of trials by plncing, by mcaus 
of a fine needle moistened with distilled n*ater, and 
with the aid of a lens, particles of various substances 
on the viscid secretion surrounding the glands of the 
outer tentacles. I experimented on both the oval and 
long-headed glands. When a particle is thna placed 
on a single gland, the movement of the fcntat-lo is 
particularly well seen in contrast with the stationary 
condition of the surrounding tentacles. (See previous 
fig. 6.) In four cases small particles of raw meat 
caused the tentacles to be greatly inflected in between 
5 and 6 m. Another tentacle similarly treated, 
and observed with special care, distinctly, though 
slightly, changed its position in 10 s. (seconds) ; and 
this is the quickest movement seen by me. In 2 m. 
30 8. it had moved through an angle of about 45'. 
The movement as seen through a lens resembled that 
of the hand of a large clock. In 5 m. it had moved 
through 90°, and when I looted again after 10 m., 
the particle had reached the centre of the leaf; so 
that tlie whole movement waa completed in less 



them, but this produced nn tSbct. 
1 may here odd, as fhnning tluit 
the Icarm aro not acteil on by tho 
odour of nitrogeDoua Hubaluricce, 
tliat pieocH of row uicat Bluik on 
DeedluB were flxud aa cloas oi 
poMible, without nftiuil ambict, 
to BBTeral limvea, but produced 
no effect wbutuTt^r. On tlie otlior 
hnnd, ta wu shull htTcuftvr boo, 
tbu vnpouis of roTtiun Tolatilo 
Hubstuuois and fluiila, Buch aa of 
curbonuto of nruinnuut, chloro- 
form, ocrtitiu esKuotiul oils, &o., 



iiiflpctinn. M. Ziofflpr 
atilJ lu'iru pxlrinnjiuiiry 
eti(9 »ilh rfopi'i't to tho 



ftbova rt-firrid to, JI. Zk^kIlt hi 
puljliahixl a bonk on the mm 
suliject, cntitU-d, ' Atonicitt i 
Zoicit^',' 1^4. 
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ttiaii IT m. 30 8, In the course of some hoara this 
miaule bit of meat, from baviDg been broDgbt into 
contact with some of the glands of the central disc, 
acted ccntrifugally on the outer tentacles, which all be- 
came closely inflected. Fragments of flies were pUeed 
OQ the glunda of foor of the onter tentacles, ex- 
tended in the same plane with that of the blade, and 
three of these fragments were carried in 35 m. through 
an angle of 18(f' to the centre. The fragment on 
the fourth tentacle was very minute, and it was 
not carried to the centre until 3 hrs. harl elapsed. In 
three other cases nunnte flies or portions of larger 
ones were carried to the centre in I br. 30 s. In 
these seven cases, the fragments or siSall flies, which 
hud been carried by a single tenta/.-Ie to the central 
glands, were well embraced by the other tentacles 
after an internal of from 4 to 10 bra. 

I also placed in the manner jnst d':«cribed six small 
balls of writing-paper CroUed up by the aid of |>inci_-n«, 
so that they were not touched by my fingersj on the 
glands of six exterior tentacles on distinct luanr*; 
three of these were carried to the centre in aliout 1 br., 
and the other three in rather more than 4 hrs. ; but 
after 24 his. only two of the six balls were well em- 
braced by the other tentacles. It is possible that 
the secretion may have dissolved a trace of glue or 
animalned matter from the balb of pajx-r. Four fiar- 
ticles of ooal-einder were then place<I on the glands 
at four exterior tentacles; one of th<:«e reachol 
the centre in 3 brs. 40 m. ; the second in 9 hn. ; the 
third within 24 hrs., but had moved only jiart of the 
way in 9 hrs. ; whilst the fourth moved only a very 
short distance in 24 hrs., and never movc<l any further. 
Of the above three bits of cinder which were ultimately 
carried to the centre, one alone was well embraced by 
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mirny of the other teutacles. We here see clearly thftt 
Buch bodies as particles of cinder or little bulls of 
paper, after being carried by the tentacles to the 
central gliinds, act very differently from fragmonta of 
flies, in causing the movement of the surrounding 
tentacles. 

I made, without carefully recording the times of 
movement, many similar trials with other substances, 
such as splinters of white and blue glass, particles of 
cork, minute bits of gold-leaf, &c. ; and the ])ropor- 
tioniil number of cases varied much in which tho 
tentacles reached the centre, or moved only slightly, 
or not at all. One evening, particles of glass and 
cork, rather laf^cr than those usually employed, were 
placed on about a dozen glands, and next morning, 
after 13 hrs., every single tentacle bad carried its little 
load to the centre ; but tho unusually large size of tho 
[jarticles will account fur this result. In another case 
f of tho particles of cinder, glass, and thread, placetl 
on separate glands, were carried towards, or actually 
to, the centre ; in another case ^, in another -j^ and 
in the last case only ^V were thus carried inwards, tho 
' small proportion being here due, at least in part, to the 
leaves being rather old and inactive. Occasionally a 
gland, with its light load, could be seen through a 
strong lens to move an extremely short distance and 
then stop; this was especially apt to occur when ex- 
cessively minute particles, much less than those of 
which the measurements will be immeiliately given, 
were placed on glands ; so that we" here have nearly 
the limit of any action. 

I was so much surprised at tlie smallness of the par- 
ticles which caused the tentacles to become greatly 
inflected that it seemed worth while carefully to 
ascertain how minute a particle would phiinly act. 
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Accordingly measured lengths of a narrow strip of 
blotting pii])er, of fine cotton-thread, tind of a woman's 
hair, were carefully weighed for me by Mr. Trenham 
Beeks, in an excellent balance, in the laboratory in 
Jei-myn Street. Short bits of the paper, thread, and 
hair were then cut off and measured by a micrometer, 
BO that their weights could be easily calculated. The 
bits were placed on the viscid secretion surrounding the 
glands of the exterior tentacles, with the precautioiis 
already stated, and I am certain that the gland itself 
was never touched; nor indeed would a single touch 
have produced any effect. A bit of the blotting-paper, 
weighing -rfr of a grain, was placed so as to -rest on 
three glands together, and all three tentacles slowly 
curved inwards; each gland, therefore, supposing the 
weight to bo distributed equally, could hnvc been 
pressed on by only t-^jt of a graiu, or '0464 of a milli- 
gramme. Five nearly equal bits of cotton-t bread were 
tried, and all acted. The shortest of these was -^ of 
an inch in length, and weighed -i-rVr ^^ * grain. The 
tentacle in this case was conaiderahly inflected in 
1 hr. 30 m., and the bit of thread was carried to the 
centre of the leaf in 1 hr. 40 m. Again, two particlea 
of the thinner end of a woman's hair, one of these 
being -rbl-e of an inch in length, and weighing ^r-i-n of 
a grain, the other tiUtf of an inch in length, and weigli- 
ing of course a little more, were placed on two glands on 
opposite sides of the same leaf, and these two tentacles 
were inflected halfway towards the centre in 1 hr. 10 m. ; 
all the many other tentacles round the same leaf re- 
maining motionless. The appearance of this one leaf 
showed in an unequivocal manner that these minute 
particles sufHcedto canse the tcntftcles to bend. Alto- 
gether, ten such particles of hair were i>laced on ten 
glands on' several leaves, and seven of them caused 
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the tentacles to move in a conspicuous manner. The 
smalleat particle which was tried, and which acted 
pliiinly, was ouly -rrffs of ^^ i^^^h ('203 millimetre) in 
lengtii, and weighed the ^-ri-nr of ^ grain, or ■O0U8;i2 
milligramme. In these several cases, not only was the 
inflection of the tentacles conspicuous, but the purple 
fluid within their cells became aggregated into little 
masses of protoplasm, in the manner tu be described in 
the next chapter ; and the aggregation was so plain 
that I could, by this clue alone, have readily picked 
out under the microscope all the tentacles which had 
carried their light loads towards the centre, from the 
liundreds of other tentacles on the same leaves which 
had not thus acted. 

My surprise was greatly excited, not only by the 
minuteness of the particles which caused movement, 
hut bow they could possibly act on the glands ; for it 
must be remembered that they were laid with the 
greatest caro on the convex surface of the secretion. 
At first I thought — but, as I now know, erroneously — 
that particles of such low 8i)ecific gravity as those of 
cork, thread, and paper, would never come into contact 
with tlie surfaces of the glands. The particles cannot 
act simply by their weight being added to that of the 
secretion, for smtJl drops of water, many times heavier 
than the particles, were repeatedly ndde<l, and never 
produced any effect. Nor does the disturbance of the 
secretion produce any effect, for long threads were 
drawn out by a needle, and affixed to some adjoining 
oliject, and thus left for hours ; hut the tentacles 
remained motionless. 

I also carefully removed the secretion from four 
gknda with a sharply pointed piece of blotting-paper, 
so that they were exposed for a time naked to the air, 
but this caused no movement ; yet these glands were 




I eecreti 

I faces. 
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in an efficient state, for after 24 brs. had ekpscd, tbejr 
were tried with bits of meat, and all became qnickly 
inflected. It tben occurred to me that particles float- 
ing on tbe secretion would cast shadows on the glanda, 
which might be sensitive to tbe interception of tbe 
light. Although this seemed highly improbable, aa 
minute and thin splinters of colourless glass acted 
powerfully, nevertheless, after it was dark, I put on, 
by the aid of a single tallow candle, as quickly as 
posaible, particles of cork and glass on the glunda of a 
dozen tentacles, as well as some of meat on other 
glands, and covered them up bo that not a ray of light 
Opuld enter ; but by tbe nest morning, after an interval 
of 13 hrs., all the particles were carried to the centres 
of the leaves. 

These negative results led me to try many mote 
experiments, by placing particles on the surface of the 
drops of secretion, observing, as carefully as I could, 
whether they penetrated it and touched the surface of 
the glands. The secretion, from its weight, generally 
fomts a thicker layer on the under than on the upper 
sides of the glands, whatever may be the position of 
the tentJiclcs. Minute bits of dry cork, thread, blotting 
paper, and coal cinders were tried, snch as those pre- 
viously employed ; and I now observed that they 
absorbed much more of the secretion, in the course of 
a few minutes, than I should have thought possible ; and 
as they bad been laid on the upper surface of the secre- 
tion, where it ia thinnest, they were often drawn down, 
after a time, into contact with at least wnne one [loint 
of the gland. With respect to the minute splinti-rs 
of glass and particles of hair, I obscrveii Iliat tbe 
secretion slowly spread itself a little over their sur- 
faces, by which means they were likewise drawn diiwo- 
or ^eways, and thus one end, or some mitint« 
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proiuinenco, ofttin came to touch, sooner or later, the 
glaiiii. 

In tlie foregoing and following cases, it is probalile 
that tho vibrations, to wLich the furniture in every 
room is continually liable, aids in bringing tho par- 
ticles into contact with the ghmds. liut aa it was 
sometimes difficult, owing to tho refraction of the secre- 
tion, to feel sure whether the particles were in contact, 
I 'tried the following esjicrinient. Unusually minute 
particles of glass, hair, and cork, were gently placed on 
the drops round several glands, and very .few of the 
tentacles moved. Those which wore not affected were 
loft for about half an hour, and the particles were 
then disturbed or tilted up several times with a fine 
needle imder the microscope, the glands not being 
touched. And now in the course of a few minutes 
almost all the hitherto motionless tentacles began to 
move ; and this, no doubt, was caused by one end or 
somo prominence of the particles having come into 
contact with the surface of the glands. Cut as the 
particles were unusually minute, the movement was 

Lastly, some dark blue glass pounded into fine 
splinters was used, in order that the points of the par- 
ticles might be Initter distinguiaheil when immersed in 
the secretion ; and thirteen such particles were placed 
in contact with the depending and fherefore thicker 
part of the drops round so many glands. Five of the 
tentacles began moving after an interval of a few 
minutes, and in these cases I clearly saw that tho par- 
ticles touched tho lower surface of the glauii. A sixth 
tentacle moved after 1 hr, 4.'j m., aud the particle 
was now in contact with the gland, wliich was not the 
case at first. So it was with the seventh tentacle, biit 
its movement did not begin until 3 hrs. 40 m. had 
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into contact with the glands, and caused thia rapid 
movement. Accordingly I added to some distilled 
water a pinch of a quite inuocent substance, namely, 
precipitated carbonate of lime, which consists of on 
impalpable powder ; I shook tlio mixture, and thus got 
a fluid like thin milk. Two leaves were immersed in 
it, and ia 11 m. almost every tentacle was much 
inflected. I placed one of these leaves under the 
microscope, and saw innnmerable atoms of lime ad- 
hering to the externa] surface of the secretion. Some, 
however, had penetrated it, and were lying on the sur- 
faces of the glands ; and no doubt it was these particles 
which caused the tentacles to bend. When a leaf is im- 
mersed in wat(:r, the secretion instantly swells much ; 
and I presume that it is ruptured here and there, so 
that little eddies of water nish in. If so, we can under- 
stand how the atoms of chalk, which rested on the 
surfaces of the glands, had penetrated the secretion. 
Anyone wlio has rubbed precipitated chalk between 
his fingers will have perceived how excessively fino 
the powder is. No doubt there must be a limit, beyond 
which a particle would be too small to act on a gland ; 
but what this limit is, I know not. I have often seen 
fibres and dust, which had fallen from the air, on tho 
glands of plants kept in my room, and these never 
induced any movement ; but then sitch particles lay 
on the surface of the secretion and never reached the 
gland itself. 

Finally, it is an extraordinary fact that a little 
hit of soft thread, -jV of an inch in length and weigh- 
ing -rriTT of B' grtiii. oi of a human hair, -j-im.t; "f an 
inch in length and weighing only -■— !tt of a grain 
{'000822 milligramme), or particles of precipitated 
chalk, after resting for a short time on a gland, 
should induce some change in its cells, exciting them 
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to traiismit a motor impulse throughout the whole 
length of the pedicel, consisting of about tweuty cells, 
to near its base, causing this part to bend, and the 
tent^icle to sweep through an angle of above 180°. 
That the contents of the cells of the glands, and after- 
wards those of the pedicels, are affected in a plainly 
visible manner by the pressure of minute particles, we 
shall have abundant evidence when we treat of the 
aggregation of protoplasm. But the case is much more 
remarkable than as yet stated ; fur the particles are sup- 
ported by the viscid and dense secretion ; nevertheless, 
even smaller ones than those of which the measure- 
ments have been given, when brought by an insensibly 
slow movement, through the means above specified, into 
contact with the surface of a gland, act on it, and the 
tentacle bends. The pressure exerted by the particle 
of hair, weighing only ■ . i?,^ of a grain and supported 
by a dense fluid, must have been inconceivably slight. 
We may conjecture that it could hnrdly have equalled 
the millionth of a grain ; and we shall hereafter see 
that far less than the milli(jnth of a grain of phos- 
phate of ammonia in 8oluti<jn, when absorbed by a 
gbind, acts on it and induces movement. A bit of 
hair, ^ of an inch in length, and therefore much 
larger than those used in the above experiments, was 
not perceived when placed on my tongue ; and it is 
extremely doubtful whether any nerve in the human 
body, even if in an inflamed condition, would be in 
any way affected by such a particle supported in a 
dense fluid, and slowly brought into contact with the 
nerve. Yet the cells of the glands of Drosera are thus 
excited to transmit a motor impulse to a distant point, 
inducing movement. It appears to me that hardly 
any more remarkable fact than this has bccu observed 
in the vegetable kingdom. 
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The Inflection of Ike Exterior Tentacles, when their Glands 
are excited hy Repeated Tovchea. 

Wo have already seen that, if the central glands 
aro excited by being geiitly brushed, they tniiis- 
mit a motor impulse to the exterior tentaclea, 
causing them to bend ; and we have now to con- 
eider the effects whieh follow from the glands of 
tbo exterior tentaclea being themselves touched. On 
several occasions, a largo number of glands were 
touched only once with a needle or fine brush, 
hard enough to bend the wliolo flexible tentacle; 
and though thia must huve caused a thousand- 
fiild greater pressure than the weight of the abovo 
described particles, not a tentacle moved. Ou 
another occasion forty-live glands on eleven leaves 
were touched once, twice, or even thrice, with a 
needle or stiff bristle. This was done na quickly as 
possible, but with force suflicient to bend the ten- 
tacles ; yet only six of them became inflected, — three 
plainly, and three in a slight degree. In order to 
ascertain whether these tentacles which were not 
affected were in an efficient state, bits of meat were 
placed on ten of them, and they all soon became greatly 
incurved. On the other hand, when a large mmiber of 
glands were struck four, five, or sis times with the 
same force na before, a needle or sharp splinter of 
glass being used, a much larger proportion of tentacles 
became inflected; but the result was so uncertain ' 
as to seem capricious. For instanec, 1 struck in 
■the above manner three glands, which happened to 
be extremely sensitive, and all three were inflected 
almost as quickly as if bits of meat had been placed 
on them. On another occasion I gave a single for- 
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cible tonch to a considerable number of glands, and 
not one moved ; but thests same glands, after an inter- 
val of some hours, being touched four or five times 
with a needle, aoveral of the tentaelca soon becamd 
inflected. 

The fact of a single tonch or even of two or three 
touches not causing inflection must be of some serrice 
to the plant ; as during stormy weather, the glands 
cannot fail to be occasionally toucbe<l by tho tiill 
blades of grass, or by other plants growing near ; and 
it_ would be a great evil if the tentacles wero thus 
bronght into action, for tho act of rc-cxpansion ttikes 
a considerable time, and until the tentacles are re- 
ospanded they cannot catch prey. On tho other 
hand, extreme scnBitiveness to slight pressure is of tho 
highest service to the plant ; for, as we have seen, if 
tho delicate feet of a minute struggling insect press 
ever so lightly on the surfaces of two or three glands, 
the tentacles bearing these glands soon curl inwards 
and carry the insect with them to the centre, cnuaing, 
after a time, all the circumferential tentacles to 
embrace it. Nevertheless, the movement* of the 
plant are not perfectly adapted to its requirements; 
for if a bit of dry moss, peat, or other rubbish, is 
blown on to the disc, as pftcn hupi>onB, tho tentitcles 
clasp it in a useless manner. They soon, however, 
discover their mistake and release such innutritions 
objects. 

It is also a remarkable fact, that drops of water fall- 
' ing from a height, whether under the form of naturd 
or artificial rain, do not cause tho tcntaeles to move ; 
yet the drops must strike tho glands with considenible 
force, more especially after tho secrctitm has been all 
washed away by heavy rain ; and this often occurs, 
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though the secretion is bo viscid that it can be re- 
moved with difficulty merely by waving the leaves in 
wiiter. If the fulling drops of water are small, they 
adhere to the secretion, the weight of which must be 
incrottscd in a much greater degree, as before re- 
marked, than by the addition of minute partioles of 
solid mutter ; yet the drops never cause the tentacles 
to become inflected. It would obviously have been a 
great evil to the plant (as in the case of occasional 
touches) if the tentacles were excited tu bend by 
every shower of rain ; but this evil has been avoided 
by the glands either having become through habit 
insensible to the blows and prolonged pressure of 
drops of water, or to their having been originally 
rendered sensitive solely to the contact of solid bodies, 
We shall hereafter see that tlie filaments on the leaves 
of Diouaia are likewise iusensible to the impact of 
fluids, though exquisitely sensitive to momentary 
touches from any solid body. 

When the pedicel of a tentacle ia cut ofl:' by a 
sharp pair of scissors quite close beneath the gland, 
the tentacle generally becomes inflected. I tried this 
experiment repeatedly, as I was much surprised at the 
fact, for all other parts of the pedicels are insensible to 
any stimulus. These headless tentacles after a time 
re-expand ; but I shall return to this subject. On the 
other hand, I occasionally succeeded in crushing a 
gland between a pair of pincers, but this caused no 
inflection. In this latter case the tentacles seem 
paralysed, as likewise follows from the action of too 
strong solutions of certain salts, and by too great 
heat, whilst weaker solutions of the same salts and a 
more gentle heat cause movement. We shall also see 
in future chapters that various other fluids, some 
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vapours, and oxygeo (after the plant haa been for some 
time excluded from its octiun), all induce inflection, 
and tliis likewise results from an induced galvanic 
current," 
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qiinntity of carlmnatc of ammonia catieint; aggregation — Action 
of otbur Bull< of aiumauiu — Of other auUtanocii, crganio fluids, 
ic— Of water — Of hent — BodisaolutiOD of the aggregaleil iDBSses 
— Pcoiimate oaiiscs of tlio agRrugation of the prntoplaem — 
Buinmarj' and eoncluding rtmurliB^Suppleuieiilury odservalious 
ou Bggrcgiition in tbo loota of plonla. 

I WILL liero ifltorrupt my account of the movements 
of the leaves, and describo tho pheuomenon of aggre- 
gation, to which subject I havo already alluded. If 
tho teutaclea of a young, yet fully matured leaf, that 
has never been excited or become inflected, be ex- 
amined, the cells forming the peilicela are seen to bo 
filled with homogeneous, purplo fluid. The walls are 
lined by a layer of colourless, circidating protoplasm ; 
hut this can be seen with much greater distinctneas 
after the process of aggregation has been partly 
ofiected than before. The purplo fluid which esudes 
from a cruaheil tentacle is somewhat coherent, aud 
does not mingle with tho surrounding water; it con- 
tains much floceufent or granular matter. But this 
matter may have been generated by the cells having 
been crushed ; some degree of aggregation having 
been thus almost instantly caused. 
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If a tentacle is examined some hours after the gland 
haa been excited by repeated touches, or by an in- 
organic or organic particle placed on it, or by the 
absorption of certain fluids, it presents a wholly 
changed appearance. The cells, instead of being filled 
with homogeneous purple fluid, now contain variously 
shaped masses of purple matter, suspended in a colour- 
less ur almost colourless fluid. The change is so 
conspicuous that it is visible through a weak lens, 
nnd even sometimes by the nuked eye ; the tentacles 
now have a mottled appearance, so that one thus 
afl^ected can be picked out with ease from all the 
others. The same result follows if the glands on the 
disc are irritated in any manner, so .that the ext«rior 
tentacles become inflected ; for their contents will 
then be found in an aggregated condition, althongh 
their glands have not as yet touched any object. Bat 
aggregation may occur independently of inflection, 
as wo shall presently see. By whatever cause the 
process may have been escited, it commences within 
the glands, and then travels down the tentacles. It 
can 1)6 observed much more distinctly in the upper 
cells of the pediceb than within the glands, aa these 
are somewhat opaque. Shortly after the tentacles have 
re-expanded, the little masses of jtrotoplasm are all 
rediasolved, and the purple fluid within the cells be- 
comee as homogeneous and transparent as it was at 
first. The process of redissolution travels upwards 
from the hasoa of the tentacles to the glands, and 
therefore in a reversed diroction to that of aggre- 
gation. Tentacles in an aggregated condition were 
shown to Prof. Husley, Dr. Hooker, and Dr. Burdon 
Sanderson, who observed the changes under the 
microscope, and were much struck with the wholo 
phenomenon. 
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The little masses of aggregated matter are of the 
most diversifiiid shapes, often spherical or oval, some- 
times much elongated, or quite irregular with thread- 
er jioeklftce-like or club-formed projections. They 
consist of thick, apparently viscid matter, which in 
the exterior tentacles is of a purplish, and in the 
short discal tentacles of a greenish, colour. These 
little masses incessantly change their forms and posi- 
tions, being never at rest. A single mass will often 
separate into two, which afterwards reunite. Their 
movements are rather slow, and resemble those of 
Amocbrc or of the white corpuscles of the blood. Wo 
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may, therefore, conclude that they consist of proto- 
plasm. If their shapes aro sketched at intervals 
of a few minutes, they are invariably seen to have 
undergone great changes of form ; and the same 
cell has been observed for several hours. Eight rude, 
though accurate sketches of the same cell, made at 
intervals of between 2 m. or 3 m., are here given 
(6g. 7), and illustrate somo of the simpler and com- 
monest changes. The cell A, when first sketched, 
included two oval masses of purple protoplasm touch- 
ing each other. These became separate, as shown 
at B, and then reunited, as at C. After the next 
interval a very common appearance was presented — 
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D, Bamely, tlie formation of an extremely minuto 
sphere at one end of an elongated mass. This rapidly 
increaaed in size, as shown in E, and was then re- 
absorbed, as at F, by which timo another sphere had 
been formed at the opposite end. 

The cell above figured waa from a tentacle of a dark 
red leaf, whieh had caught a small moth, and waa 
examined under water. As I at first thought that the 
movements of the masses might be due to the absorp- 
tion of water, I placed a fly on a leaf, and when after 
18 hrs. all the tentacles were well inflected, these were 
examined without being immersed in water. The coll 
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here represented (fig. 8) was from this leaf, being 
sketched eight times in the courao of 15 m. These 
sketches exhibit some of tho more remarkable changes 
which the protoplasm undergoes. At first, there was 
at the base of the cell 1, a little mass on a short 
footstalk, and a larger mass near the upper end, and 
these seemed quite separate. Nevertheless, tliey may 
have been connected by a fine and invisible thread of 
protoplasm, for on two other occasions, whilst ono 
mass was rapidly increasing, and another in tho same 
cell rapidly decreasing, I was able by varying the 
light and using a high power, to detect a connecting 
thread of extreme tenuity, which evidently served as 
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the channel of communication between the two. On 
the other hand, Biich connecting threads are some- 
times seen to break, and their extremities then 
quickly become chib-headed. The other sketches in 
fig. 8 show the forms successively assumed. 

Shortly after the purple fluid within the cells has 
become aggregated, the little masses float about in a 
colourless or almost colourless fluid;' and the layer 
of white granular protoplasm wliich flows along the 
walls can now be seen much more distinctly. The 
stream flows at an irregular rate, up one wall and 
down the opposite one, generally at a slower rate 
across the narrow ends of the elongated cells, and so 
round and round. But the currcut sometimes ceases. 
The movement is often in waves, and their crests 
sometimes stretch almost across the whole width of 
the cell, and then sink down again. Small spheres of 
protoplasm, apparently quite free, are often driven by 
the current round the cells ; and filaments attached 
to the central masses are swayed to and fro, as if 
struggling to escape. Altogether, one of these' cells 
with the ever changing central masses, and with the 
layer of protoplasm flowing round the walls, presents 
a wonderful scene of vital activity. 



Many ohservatioiis were mftdo on tlio contents of the cells 
whilst underRoinB the prcvesa of ftpgrcgation, but I shall detail 
only a few caEoa under different lieads. A nnall portion of a 
leaf wfts cut off, placed under a high power, and the glanda 
very gently preKscd imder a compressor. lu 15 m. I diatinctly 
saw estrcmely minute splierefl of protoplasm aggregating them- 
Belves in the purple fluid; these lapidly increased in size, both 
within the celis of the glands and of tho npper ends of the 
pedicels. Fartiulos of glass, cork, and cinders were also placed 
on the glands of man; tentacles ; iu 1 hr. several of them wore 
inflected, but after 1 lir. 35 m. there w.ts 710 aggroKation. Other 
tentacles with thcBo partii'lea were oxaminod after H hrs., and 
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DOW all their ceiU had uudurgooe aggregntian ; so hnd the cells 
of the cttorior tenteclee which had become inflected through 
the irritatioD transmitted £rom the glands of the disc, on which 
the transported particles reEt«<L This was likewise the cose with 
the etiort tentacles roand the margins of the disc, which had not 
as yet become inflected. This latter (act shows that the pro- 
cem of aggregation is iudependcnt of the inflection of the tua- 
tacles, of which indeed we hare other and abundant evidence, 
Ag&iD, the exterior tentacles on three leaves were carefully 
GXimiined, and found to contain only homogeneous purple fluid ; 
little bita of thread were then placed on the glouda of tliroe of 
them, and after 22 hrs. the purple fluid in their cells almost 
down to their bases was aggregated into innumerable, spherical, 
elongated, or filamentons mosBcs of protopLum. The bits' of 
thread had boen carried some time ptcviausly to the central 
diso, and this hod canscd all the otluT tentacles to bocomo 
somewhat inflected; and their cells lind likewise undergone 
aggregation, which however, it should I* observed, liad not 
as yet eitendud down to their hoses, but was confined to the 
cells close beneath the glands. 

Kot only do repeated touches on the glandn * and the contact 
of minnte particles cause aggregation, but if glands, without 
being themselves injured, are cut off from the Bummits of the 
pedicels, this induces a moderate amount of aggregation in the 
headless tentacles, after they liavo become inflected. On the 
other hand, if glands are suddenly crushed between pincers, as 
woe tried in six coses, tlie tentacle seem parslyKed by so great 
a shock, for they neither become inflected nor exhibit any signs 
ofaggrc^tion. 

UarhonaU of Ammonia. — Of all the cansca in dncing aggrega- 
tion, that which, as far OS I have seen, acts the quickest, and is 
the most powerful, is a solutionot carbonate of ammonia. What- 
ever its strength may be, the glands are always affected flrst, 
and soon become quite opaque, so as to appear black. For 
instsnoe, I placed a leaf in a few drops of a strong solution, 
namely, of one part to 146 of water (or 3 gi^ to 1 oz,), and 
ofaeerred it under a high power. All the glands began to 
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darken in 10 h. (seconds); and in 13 b. were eonspicnoufily 
darker. In 1 m, cstremely amnll epherical masses of iirotoplasra 
eould be Been urising in the rclls of tho podic«lB close beneath 
the glands, as well as in the cushions on wbich tho long- 
headed mai^inol glands rest. In several cases tho procees 
travelled down the pedicels for a length twice or thrice as great 
oa that of tho glands, iu about 10 ra. It was interesting to 
observe the process momentarily arrested at each transverse 
partition between two cells, and then to seo the transparent 
contents of tho cell nest below almost flashing into a cloudy 
mass. In the lower part of tho pedicels, the action proceeded 
slower, so that it took nlwut 20 m. before tho cells halfway 
down the long maiginal and eubmarginal tentacles became 
apgrcgated. 

Wo may infer that tho carlwnnte of ammonia is absorbed by 
tho glands, not only from its action being so rapid, but from its 
effect being somewhat dilferent from that of other Baits. As tho 
glands, when excited, Becreto an acid belonging to tho acetic 
scries, the cartionato is prol>ably at onco converted into a 
salt of this series; and we shall presently boo that the acetato 
of ammonia causes nggrcgatioii almost or quite as energetically 
as does the carbonate. If a few drops of a solution of one part of 
the carbonate to 437 of water (or 1 gr, to 1 oz.) ho added to the 
pnrplo fluid which esudes from crushed tentacles, or to paper 
stained by )x:iug rubbed wilh them, the fluid and the paper are 
changed into a pale dirty green. NovertholeES, somo purplo 
colour conld still bo detected after I hr. 30 m. within tho glands 
of a leaf left in a Bolution of twice the above strength (viz. 
2 gra. to 1 OK.); and after 24 hrs. the cells of the pedicels cIobo 
beneath tho glands still contained spheres of protoplasm of a 
fine purplo tint. These facts show that the ammonia had not 
entered as a carbonate, for otherwise the colour would have 
lieen dischai^d, I have, however, sometimes observed, espe- 
cially with the long-headed tcntAcles on the margins of very pale 
leaves immersed in a eolation, that the glands as well aa the 
upper cells of the pedicels wore discotonred ; and in these cases 
I presume that tho unchanged carlionato had been absorbed. 
The appcaranca above JoscrilKid, of tho aggregating procesa 
lieing arrested fur a abort time at each transverBO partition, 
impresses the mind with the idea of matter passing downwards 
from cell to cell. But as the cells one beneath the other 
undergo aggregation when inorganic and inKoIuble jjarticIeB aro 
]i1acod on the glauds, tho procnss must be, at least in these 
cases, one of molecular chango, transmitted from the glanils. 
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indepeDdcntl; of the absorption of any matter. So it may pos- 
sibljT be in the case of the carbonalo of ojuiiioiiia. Ah, liow- 
eyei, the i^gregation canscil liy this «alt traTtilB down the 
tentacles at a quicker rate than when iutiolublQ pirlicleB oid 
pUocd on the glands, it is probable that ammonia in Eome fonn 
is ftbeorbed not QOljr by the glanda, but poascs down the 
tentoclcB. 

Having ezamined a leaf in water, and found the contents of the 
cells homogoneous, I placed it in a few drops of a solution of one 
p«rt of the carbonate to 437 of water, and attended to the colls 
immcdiatel; beneath the glands, but did not use a vctj hi^h 
power. No aggregation was Tisiblo in S m. ; but after 15 ni. 
oiijall spheres of protoplasm were formed, more especially 
beneath the long'heoded margiual glands; the process, how- 
ever, in this cose took place with nnusual slowness. In 25 m. 
coDspieoons spborical masses were preRcnt in the cells of the 
[ledicels for a length about equal to that of the glands ; and 
in 3 hrs. to that of a third or Imlf of the whole tentacle. 

If tentacles with cells containing only Terj palo pink fluid, 
and apparently but tittle protoplasm, are placed in a few dro)>s 
of a weak solution of one port of the carbonate to 437S of 
water (I gr. to 10 oz.), and the highly transparent cells beneath 
the glands ore carefully oteerrcd nndtT a hi^'h power, those 
may be seen first to become slightly cloudy from the formation 
of nnmberlees, only just perceptible, granules, which rapidly 
grow larger either from coalescence or from attracting more 
protoplasm from the surrounding fluid. On one occasion I 
chose a singularly pale leaf, and gave it, wlulijt under the 
microeeopc, a single drop of a stront;eT solution of one part to 
437 of water; in this case £he contents of the cells did not 
becoma cloudy, but after 10 m. minute irregular granules of 
protoplasm could be detected, which soon iu creased into 
im^nUr mofses and globulus ot a greenish or very pale purple 
tint ; but thcso never formed pt^rfect spheres, though incesNnntly 
dunging their shapes and podtions. 

With moderately red leaves the lirst oObct of a solulion of tlio 
oartxHiate generally \a the formation of two or three, or of 
■e*eral, extremely minuto purple spheres wliioh rapidly increoso 
in sizfl. To give an idea of the rate at which such spheres 
iocreaae in size, I may mention that a rather palu purple leaf 
placed nnder a slip of glass woa given a drop of a solution of 
one pert to 'J&i of water, and in 1^ m. a few minute spheres of 
ptotoplasm were formed ; one of these, alter 2 lira. 'dO m., was 
■boot two-thirds of the diameter of the cell. After i hrs. 25 m. 
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it nearlj oqnnlled the cell in diametor; and n. socond epliore 
alK>ut Lalf aa largo as the ftrst, together with a few other 
minute ones, were formed. After C hre. tho Quid in which these 
Rphores floated wae almost coIoutIbrs. After 8 lira. 35 m. (olwoja 
reckoning from tho time when the solution was firet added) four 
new miDUto spheres had appeared. Next moming, after 22 brs., 
there were, besides the two large spheres, seven smaller ones, 
floating in absolutely colourleBS fluid, in which some flocculent 
greenish matter wos Kuspended. 

At tho commencement of the process of apgrcgation, more 
especially in dork red leaves, the contunlfi of the cells often 
present a different appenranco, as if the layer of proloplosm 
(primordial ntriclo) which lines tho colls had separated itself 
and shrunk from the walls; an irrcgnlarlf shaped purple bag 
being thus formed. Other fluids, beaidos a solution of the car- 
bonate, for instanco an iarusion of raw meat, produce this same 
elTect. But the appearance of the primordial utricle shrinkiDg 
from the walls is certainly false ; * for before giving the solution, 
I saw on several occasions that the walls were lined with colour- 
less flowing protoplasm, and after the bag-like masses wero 
formed, the protoplasm was still flowing along tho walls in a 
conspicuous manner, oven more ao than before. It appeared 
indeed as if the stream of protoplasm was strengthened hy tlio 
action of the eorbonnlc, but it was impossible to ascertain 
whether this was really tho case. The bag-like masst'S, when 
onco formed, soon begin to glide slowly round the cella, some- 
times sending out projcctfona wluch separale into little spheres ; 
other spheres appear in tho fluid surrounding tho bags, and 
these travel much more quickly. That the small spheres aro 
separate is often shown by sometimes oue and then another 
tmvelhng in advance, and sometimes they revolve round each 
other. I have occoaionaily seen spheres of this kind proceeding 
up and down the same side of a cell, instead of round it. The 
bug-like masses after a time generally divide into two roundtxl 
or oval mnsaes. and thcGo nndergo the changea shown in Ggs. 7 
ond 8. At oilier times spheres appear within tho bags; and 
tlicso coalesce and separate in an endless cycle of change. 

After leaves have been left for several hours in a solution of 
the earbouato, and complete aggrogntian has been effected, tlie 

• With other iilnnta I hnvo causcil by a aolutinn of carlmnato 
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strcun of protoplsam on the wMr of the cells cooscs to be 
TiHible; I olieervMl this fact n^pcatudlj', but will give only one 
inst&nce. A palo purjile leaf was placed in a fuw drops of a 
■dutioQ of one part to 292 of water, aad in 2 hie. Bomo fine 
purple ephens were formed in the upper colle of the pedicels, 
the stnuo of protoplssm round tlieir walls being still quite 
distinct; but after an additional i hra., during which time 
many more epheres wcio formed, the etream was no longer 
distinguisbaMe on the most careful examimitioii ; and this no 
doubt WM doe to the contained granules haviug become tmited 
with the spheres, so that nothing was left by which the move- 
meat of the limpid protoplasm coald be perceived. But minulo 
free spheres still tniellcd np and down the cells, showing that 
there was still a curreat. So it was next morning, after '22 hrs., 
by which time some new minute spheres had been formed ; 
then oBcillated from side to aide and changed their positions, 
pforing that the cnrrcnt had not ceased, though no stream of 
protopUEm was Tisible. On another occasion, however, a 
■Ireaiii was seen flowing round the cell-walls of a Tigaroaa, 
duk-ooloured leaf, after it had been left for 24 hrs. in a rather 
■tKoger solution, namqly, of one part of the carbonate to 218 of 
water. This leaf, therefore, was not mucli or at all injnred by 
■n immcnaon for this lenfrth of timo io the aboTO solution of 
two grains to the onnce : and on being afterwards left for 24 hrs. 
in water, the aggregated masses in many of the cells were re- 
diffiolvcd, in the same manner as occurs with leaves in a state of 
nature when they re-enpand after having caught insects. 

In a leaf which hod been loft for 2^2 hrs. in a solution of one 
part of tlio carbonate to 292 of water, some spheres of proto- 
plasm (formed hj the self-divlhion of a bag-like moss) wcro 
gently pressed beneath b covering glass, and then examined 
under a high power. They wore now distinctly divided by 
well-defined radiating fissures, or were broken np into separtite 
fragments with sharp edges; and they were solid to the centre. 
In the larger broken spheres the central part was more opaque, 
darker .coloured, and texs brittle than the cilerior; the latter 
alono being in some cases penetrated by the fissures. In many 
of the spheres the line of separation between the outer and 
bmor parte was tolerably well deHncd. The outer parts were of 
exactly the same very pale pnrple tint, as that of the lost 
Ibnned smaller sphervu; and these latter did not include any 
darker central core. 

From these several facts we may conclude that when vigorous 
dnrk-colonred leaves are sulgccted to the action of carbonate of 
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ammonia, tbo fluid witliiu the cells of the tentacles often aggie- 
gates exterior!; into coherciit viscid matter, forming a kiud of 
bog. Small Epheroa sometimes appcnr witiiin tbis bag, aud Uio 
vrhole gi;iieiallj soon divides into two or more spheres, wUicb 
icpoatcdl; coalesce and roiliTide. After a \ani-er oi ehorter 
time tlio granules in the colourless layer of protoplasm, wLich 
flon^ round the walls, are drawn to and unite with the larger 
spheres, or form small independent spheres ; these latter being of 
a much paler coloar, and more hrittlo than the first aggregated 
masses. After the granules of protoplasm have been thus 
attracted, tlie lnjer of flowing protoplosm can no longer bo dis- 
tinguished, though a current of limpid fluid still flows rotutJ 
the walls. 

If a leaf is iraniorsod in a very strong, almost concentrotcd, 
solution of carbonate of ammonia, the glands arc instantly 
blackened, and thoy secrete copiously; but no movement of tho 
tcutocles ensues. Two leaves thus treated became after 1 hr. 
flaccid, and seemed killed; all tho cells in their teuteclee con- 
tained spheres of protoplasm, but these were small and dis- 
coloured. Two other leaves were pIa::od in a solution not quito 
so strong, and there was well-murked, ogerogation in 30 m. 
Aft«r 21 iirs. the spherical or more commonly oblong masses of 
protoplasm )x:came opaque and granular, instead of licing as 
usual translucent; ond in tho lower cells there were only 
innumerable minute spherical granules. It was evident that 
the strength of the solution had interfered with the completion 
of tho process, as wo shall see likewise follows from too great 
heat. 

All the foregoing observations relate to tho esterior tentoclos, 
wliicli aro of a purple colour ; but tho green pedicels of the 
short central tentacles are acted on by the carbonate, and by 
an infusion of raw meat, in esaictly tho same manner, with tho 
sole difiercnco that tho aggregated masses aro of a gr^snish 
colour ; so that tho process is in no way dependent on tho 
colour of tho fluid within the cells. 

Finally, the most remarkable fact with rcsjicct to this salt is 
tho extniordinary small amount which suffices to cause aggre- 
gation. Full details will bo given in tho seventh ciiapter, and 
hero it will be cnongli to say that with a sensitive leaf thu 
absorption by a gland of yr^ mi °^ » grain (■U0(>i82 nigr.) is 
enough to cause in the course of ono hour well-marked aggrega- 
tion in the cells immediately beneath tbe gland. 

The KffecU of certain other Hulls and Fluids.— T-xo leaves were 
placed in a solution of one part of acetate of ammonia to about 
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146 of wftter, and were aotod oa quite aa enorgoticallj, but 
perhaps not qnito bo quickly, ax by tlie carbonate. After 10 m. 
(he giaDde~wura block, end in the cells boneatlt them there were 
traces of oggK^tioB, which after 15 m. was well marked, oitend- 
ing down the tentacles for a length equal to that of the gtanda. 
After 2 hts. the contenU of almost all the cells in ail the ten- 
taclce were broken np into maRses of protoplasm. A leaf was 
immerEcd in a solation of one part of oxalate of amoionia to 
146 of water ; and after 34 m. some, hut not a conspicuona, 
change could tw seen within the cells beneath the glands. 
After 47 m. plenty of spherical masses of protoplasm were 
formed, and these extended down the tcntaclw for about tho 
length of the glands. This salt, therefore, docs not act so 
quickly as the carbunate. With respect to the citrato of am- 
monia, a leaf was placed in a little solution of the al>ovo 
Gtrength, and there was not even a trace of ogp>3(;ation in tho 
cells beneath the glands, until 56 m. had elapsed ; bnt it was 
well marked after 2 hrs. 20 ra. On another occasion a leaf 
was placed in a stronger solution, of one part of the citrate to 
IW of water (4 grs. to 1 oz.), and at the same time another 
leaf in a solution of ^le carbonate of tho same strength. The 
glands of the latter were blackened in le«B than '2 m., and 
after 1 lir. 45 ra- the aggregated mosses, which wero uphorical 
and very dark-coloured, eitendetl down all the tentacles, tor 
Iwtwecn half and two-thirds of their lengths ; whereas in the 
leaf immersed in the citrate the glands, after 30 m., were of 
a dark red, and tho ^gregatod massce in tho cells Ixinoath them 
]>ink and elongated. After 1 lir. 45 m. these mosses extended 
down for only about ono-fifth or one-fourth of tho length of the 
tealoclcs. 

Two leaves were placed, each in ten minims of a solution of 
one part of nitrate of ammonia to 5'250 of water (1 gr. to 
12oz.). BO that each leaf received y^a of a grnin {■ 112-1 mgr.). 
This quantity caused all the fbntaclcs to bo inflected, but after 
24'hra. there was only a trace of aggregation. One of these 
same leaves was then placed in a weak solution of tho car- 
bonate, and after 1 hr. 45 m. tho tentacles for half tlioir lengths 
showed an astonishing degree of aggregation. Two other 
leaves were then placed in a much stronger solution of one part 
of the nitrate to 116 of water (3 grs. to 1 oz.) ; in one of these 
there wiu< no marked chango after 3 hrs. ) bnt in the other 
there was a trace of aggregation after 52 m., and this was 
plamly marked after 1 hr. 22 m-, but even after 2 hm. 12 m. 
there was certainly not more a^regation than would hove fol- 



fiO DROSERA ROTONDIFOLIA. Cll»r. IIL 

lowed from on immcTi<Jon of from 5 m. to 10 m. in na oquollj 
BtroDi; RoIutioQ of the carboaate. 

Lastly, a leaf was placed in tliirtf minims of a solution of 
ono part of phospliato of ammonia to 43,750 of water (1 gr. to 
100 oz.), so Uiat it received Yim "f a gniin (-040711 mgr.); this 
soon caused the tentacles to bo strongl; inflected ; and aft^ir 
21 hrs. the contents of the cells wore agpvgated into oval 
and irregularly globular masBCB.with a conspicuous current of 
protoplasm flowing round the walls. But after so long bo 
interval a^rcgntion would have ensued, whatuver had caused 
inflection. 

Onl}- a few other salts, besides those of ammonia, were tried 
in relation to the process of aggregation. A leaf was placed in 
a solution of one port of chloride of sodium to 218 of water, and 
after 1 hr. the contents of the cells were aggregated into small, 
irregularly globular, brownish masses ; these after 2 hra. were 
almost disintegrated and pulpy. It was evident that the proto- 
plasm hod been injuriously affected ; and soon afterwards some 
of the cells appeared quite empty. Thuso cffcets differ alto- 
gether from those produced by the several salts of ammonia, 
OS well as by various organic fluids, anj by inorganic piirtiolce 
placed on the glands, A solution of the same strength of car- 
bonate of soda and carbonate of potash acted in nearly the Himo 
manner as the chloride ; and here again, after 2 lirs. 30 m., the 
outer cells of some of the glands hod emptied themselves of 
their brown pulpy contents. Wo shall see in the eighth 
chapter that solutians of several salts of soda of half tiio above 
strength cause inSeution, but do not injure the leaves. Weak 
solutions of sulphate of ijuiuine, of nicotine, camphor, poison of 
the cobra, &c., soon induce well-marked a^-gregation ; whereas 
certain other substances (for inslance, a solution of curare) 
have no such tendency. 

Many acids, though mnch diluted, are poisonous ; nad tliough, 
as will be shown in the eighth' chapter, they cause the ten- 
tacloi to bend, they do not excite true aggregation. Tlins leaves 
were placed in a solution of one part of benzoic acid to 437 of 
water ; and in 15 m. the purple fluid within the cells had shrunk ' 
a little from the walls, yet when carefully oiaminod after 1 hr. 
20 m., there was no true aggregation ; and after 24 hrs. the leaf 
was evidently dead. Other leaves in iodic acid, diluteil to thb 
same d(^:ree, showed after 2 hrs. 15 m. the same shrunken 
appearance of the purple fluid within the cells ; and these, 
after 6 hrs. 15 m., were seen unilcr a high power to bo filled 
with exceeaiiely minute spheres of dull reddish protoplasm. 
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which by tbo next moming, after 31 hrs., hod almost dis- 
appeared, the leaf being evidentl; dead. Nor was there any tme 
aggregation in leaves immetBcd in propionic acid of tbe same 
strength ; bat in this case the protoplasm was collected in 
inegalar masses towards the bases of tlio lower cells of the 
tcntoclw. 

A filtered infnsion of raw meat induces strong aggregation, 
but not very quickly. In one leaf thiia iromcrecd there was a 
little aggr^Btion after 1 hr. 20 m., and in another after 1 hr. 
50 m. With other leaves a considerably longer time was r»- 
qnired : for instance, one immersed for 5 hrs. showed no oggra- 
jmtion, bnt wa« plaint; acted on in 6 m., whrn placed in a few 
drops of a solntion of one part of carbonate of ammonia to 116 
<rf water. Some leaves were left in the iufuaion for 2i hrs., 
aod theao became aggrc^ted to a wonderful degree, so that 
the inflected tentacles presented to the naked eye a plainly 
mottled appearance The little masses of purple protoplasm 
were generally oval or beaded, and not nearly go often apharical 
OS in the case of leaves subjected to carbonate of ammonia. 
They nnderwent incessant changes of form; and the current ot 
eolourleas protoplasm round the walls was conspicuously plain 
after an immersion of 25 his. Raw meat is too powerful a 
■timolant, and even small bits generally injnre, and sometimes 
kill, the leaves to which they are given : the aggregated masses 
of protoplasm become dingy or almost coloorless, and present 
ui nnnsiial granular appearance, as is likewise the case with 
leaves which have Ix.'en immersed in a very strong solution uf 
carbonate of ammonia. A leaf plaiMxl in milk hod the coulenls 
of iifl cells somewhat aggregated in 1 lir. Two other leaves, 
one immersed in hnman saliva for 2 hrs. 30 m,, and another 
in nnboiled white of egg for I hr. 30 in., were not acted on in 
this manner; though they undoubtedly would have been so, 
had more time been allowed. The.se same two leavex, on being 
afterwards placed in a solution of earlionate of ammonia (3 grs. 
to 1 OS.), had their cells aggregated, the one in 10 m. and the 
other in 5 m. 

Several leaves were left for 1 hrs. 30 m. in a solution of one 
part of white sugar to 146 of water, and no ^gregation ensued' 
on being placed in a solution of this same strength of carbonate 
of ammonia, they were acted on in 6 m. i as whs likewise a leaf 
which had been left for 1 hr. 15 m. in a moderately thick soln' 
tion of gum arable. Several other leaves were immersed for 
some hours in denser solutions of sugar, i^ra, and starch, and 
they had the contents of their cells greatly aggregated. This 
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utfect may bo atttiljuted to exosmoBe ; for the loaves in tho 
syrup bccamD q-aitc fiocdd, and tlioRC in tbo gum and starch 
Bomiiwhftt flaccid, witli their tcntoclos twisted alxiut in llio 
most irroBiilar manner, the longer onos like corkscrews. Wo 
eliall hereafter see that Bolutions of these sulBtances, when 
placed on tho disca of leaTos, do not incite infloction. Particles 
of eoft sugar were added to tho secretion round several glands 
and vete soon dissolved, causing a great increase of the secre- 
tion, no doubt by oxoamoso ; and after 24 hrs, the cells showed 
a certain amount of aggregation, though the tentacles wcro 
not inflecttid. Glycerine causes in a few minatea well-pro- 
uouncod aggregation, commencing as usual vrithin tho glands 
and then travelling down the tentacles ; and this I presume 
may ])e attributed to the strong attraction of tliis substanco 
for water. Immersion for several hours in -water causes somo 
degree of aggregation. Twenty leaves were first carefully 
examined, and ro-cxaoiiDcd after having been left immei^od 
in distilled water for various period.1, with the following results. 
It is rare to find even a trace of aggregation until 4 or 6 
and generally not until several more hours have elapBod, 
When however a leaf becomes quickly inflected in water, na 
sometimes happens, ei^pccially during very warm weather, 
aggregation may occur in littlo over 1 hr. In all cases 
leaves left in water for more than 24 hrs. have their glands 
blackened, which shows that tlieir contents are aggregated; 
and in the specimens which wore carefully examined, there 
was fairly well-marked aggregation in the upper cells of tlie 
pedicels. These trials were made with ent-off leaves, and it 
oceorrcd to mo that this circwnstanco mij;ht influence the 
result, as the footstalks would not perhaps alisorb wator quickly 
enough to supply the glands as tliey continued to sccretei 
But this view was proved erroneous, for a plant with uninjured 
roots, bearing fonr leaves, was subincrgcd in distilled water for 
47 hrs., and the glands were blackened, thouph the tentacles 
wore very little infleclcd. In -one of these leaves there was only 
a slight degroo of aggn^ation in tbo tentacles; in the second 
rather more, the purple contents of the cells being a httlo 
separated from tho walls ; in the tliird and fourth, which were 
pale leaves, the aggregation in tho upper parts of the pedicels 
was well marked. In these leaves the little masses of proto- 
plasm, many of which were oval, slowly changed their forms 
and positions; so that a sul'mergonce for 47 hrs. had not killed 
tho protoplasm. In a previous trial with a submerged plant, 
tho tentacles wore not in the least inflected. 




OilAi-. III. THE PROCESS OF AGGREGATION. 53 

Heat induces aggregation. A leaf, with the cells of tho 
tentacles containing only homogeneous fluid, was wiiVL-d about 
for 1 m. in water at 130° Fahr. (54^'4 Cent.), and waa llien 
examined under the microscope as quickl; as passible, that 
ia in 2 m. or 3 m. i and by this tiino the contents of the 
c«1Ib hod ondergone aome degree of aggregation. A second leaf 
w&a wBTed for 2 m, in water at l!i3" (51^-6 Cent.) and quickly 
examined as before; the tentacles were well inflected ;. tho 
purple fluid in all the cells bad shrunk a little from the walls, 
and contained many oval and elongated mosses of protoplasm, 
with a few minute spheres. A third leaf was li;ft in water at 
125% until it cooled, and when examined after 1 hr. 45 m., the 
inflected tentacles showed sonio nggrc-gation, which became 
after 3 hrs. more strongly marked, but did not subsequently 
incrcasa Lastly, a leaf was waved fur 1 m. in water at 121)^ 
(4»-8 Cent.) and then left for 1 hr. ^6 m. in cold water; tl.o 
tentacles were but little infleotcd, and there was only lioro and 
there a trace of aggregation. In all those and other trials 
with warm water the protoplasm showed much less tendency 
to aggregate into spherical masses than when excited by car- 
bonate of ammonia. , 

Btdissoiution of the Aggrtgated Matxns of Proluj'laam. — Ah soon 
B8 tentacles which have clanped an insect or any inorganic 
object, or have been in any way escited, have fully re-oipanded, 
the aggregated masses of protoplasm are redisaoived and dis- 
appear ; the cells being now refilled with homogeneous ])ur}ilo 
fluid as they were before the tentacles nere inflected. The 
process of redissolntion in all cases commences at the bosesof the 
tentacles, and proceeds up them towards the glands. In old 
leaves, however, especially in those which have been several 
times in aetion, the protoplasm in the uppermost cells of tho 
pedicels remains in a permanently more or less aggregated con- 
dition. In order to observe the process of redissolulion, tho 
following oleervations were mode : a luaf was left for 24 hrs. in 
a httle solution of one part of carboaato of smmonin to 2m of 
water, and the protoplasm was as usual ag^^gnted into numlx:r- 
lens purple spiieres, which were incessantly changing their 
forms. Tho leaf was then wanhed and placed in distilled water, 
and after 3 hrs, 15 m. some few of tho spheres began to show by 
their less clearly defined edges signs of redissolution. Afler 
'i hrs. many of them had become elongated, and tho surround- 
ing fluid iu the cells was slightly more coloured, showing 
plainly that redissolution had commenced. After 2-1 hrs., 
, though many cells stilt contained splicrcs, here and there one 
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could bo Bccn filled with pnrplo fluid, without a voGtigo of 
ttgerogftted protoplftsni ; the whole haTing l)een rediBsolved. A 
leaf with aggregated tnaHHCii, caused by itR having bocn WATcd 
for ii m. in water at the temperature of 125° Fahr., wus left in 
cold water, and after 11 hre. the protoplasm showed tracoa 
of incipient ledisEolntioD. When attain oiamined three daye 
after ita immersion in the warm n-ater, tliere was a. conspicuous 
diiference, tliough tho protoplasm wus slill somewhat aggre- 
gated. Another leaf, with the contents of all tho cells strongly 
oggrcgaled from the action of n weak solution of jthonphatu of 
animoniB, was left for between three and four days in a mixture 
(known to be innocuovis) of one drachm of alcohoi to eight 
driichma of water, and when re-esaininud every trace of aggre- 
gation liad disappeared, the cells being now filled with homo- 
geneous fluid. 

We have seen that leaves immersed for some hours in deuso 
solutions of sugar, gum, and starch, have tho contents of their 
cells greatly aggregated, ond arc rendered more or Iras flaccid, 
with the tentacles irregularly contorted. These leaves, nfler 
being left for four days in distilled water, became less flaccid, 
with their tentacles partially, ro-eipandud, an<i the aggre- 
gated masses of protoplasm were partially redissolved. A leaf 
with its tentacles closely clasped over a fly, and with the con- 
tents of tho cells strongly aggregated, was placed in a little 
sherry wine ; after 2 his. several of the tentacles hod re- 
eximnded, and the others could by a mere touch be pushed back 
into their proj>erly expanded iiositions, and now all traces of 
aggregation had disappenred, tho tolls being filled with perfectly 
homogeneous pink fluid. The rediE-sohitiou in these cases may, 
I presume, bo attributed to cndosmoso. 



On the Proximate Causes of the Process of Aggregation. 

As most of the Btimulants wliich cause the inflection 
of the tentacles likewise induce afjf^regation in tho 
contents of their cells, this latter proceaa might be 
thouglit to be the direct result of inflection ; but this 
is not tho cusp. If leaves are jtlaced in rather strong 
solutions of carbonate of ammonia, for instance of 
three or four, and even sometimea of only two grains 
to the ounce of water (i.e. one part to lOi), or 146, or 




Chap. tlL THE PBOCESS OF AOORBGATION. 



218, of water), the tentacles are paralyaed, and do not 
become inflected, yet they goon exhibit strongly 
marked aggregation. Moreoyer, the short centrui 
tentacles ot' a leaf which has been immersed in a 
weak solution of any salt of ammonia, or in any 
nitrogenous organic fluid, do not l>econie in the least 
inflected; nevertheless they exhibit all the pheno- 
mena of aggregation. On the other hand, several 
acids cause strongly pronounced inflection, but no 
aggregation. 

It is an important fact that when an organic or in- 
organic object is placed on the glands of the disc, 
and the exterior tentacles are thus caused to bond 
inwards, not only is the secretion from the glands of 
the latter increased in quantity and rendered acid, 
but the contents of the cells of their pedicels become 
aggregated. The process always commences in the 
glands, although these have not as yet toncheil any 
object. Some force or influence must, .therefore, be 
transmitted' from the central glands to the exterior 
tentacles, first to near their bases causing this part to 
bend, and next to the glands causing them to secrete 
more copiously. After a short time the gluuda, thus 
indirectly excited, transmit or reflect some influence 
down their own pedicels, inducing aggregation in cell 
beneath cell to their bases. 

It seems at first sight a probable view that aggrega- 
tion is due to the glands being excited to secrete more 
copiously, so that sufiicient fluid is not left in their 
cells, and in the cells of the pedicels, to hold the 
protoplasm in solution. In favour of this view is the 
fact that aggregation follows the inflection of the 
tentacles; and during the movement the glands gener- 
ally, or, as I believe, always, secrete more copiously 
thau they did bufure. Again, during the re-expansion 
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of the tentacles, the glands secrete !es3 freely, or quite 
ccose to secrete, and the aggregated masses of proto- 
plasm are then redissolved. Moreover, when leaves 
aro immersed in dense vogetahlo solutions, or in 
glycerine, the fluid within the gland-cells passes out- 
wards, and there is aggregation ; and when the leaves 
nro afterwards immersed in water, or in an innocuous 
fluid of less specific gravity than water, the protoplasm 
is redissolved, and this, no doubt, is due to endosmose. 
Opposed f« this view, that aggregation is caused by 
the outward passage of fluid from the cells, are the 
following facts. There seems no close relation between 
the degree of increased secretion and that of aggre- 
gation. Thus a particle of sugar added to the secre- 
tion round a gland causes a much greater increase of 
secretion, and much less aggregation, than docs a 
particle of carbonate of ammonia given in the samo 
manner. It does not appear probable that pure water 
would cause much exosmose, and yet aggregation 
often follows from an immersion in water of between 
16 hrs. and 24 hrs., and always after from 24 hrs. to 
48 hrs. StiU less probable is it that water at a tempe- 
rature of from 125° to 130" Fahr. {51°-G to 54"-4 Cent.) 
should cause fluid to pass, not only from the glands, 
but from all the coUs of the tentacles down to their 
bases, so quickly that aggregation is induced within 
2 m. or 3 m. Another strong argument against 
this view is, that, after complete aggregation, the 
spheres and oval masses of protoplasm float about 
in an abundant supply of thin colourless fluid ; so 
that at least the latter stages of the process carmot 
be due to the want of fluid to hold the protoplasm 
in Bolulion. There is still stronger evidence that 
aggregation is independent of secretion ; for the pa- 
piUffi, described in the first chapter, with which the 
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le&ves are staddefl are not ghindulur, ami do not 
secrete, yet they rapidly absorb carbonate of ammonia 
or an infusion of raw meat, and their contents then 
quickly undergo aggregation, which afterwards spreada 
into the celU of the surromidiiig tissues. We shall 
hereafter see that the parple fluid within the sensi- 
tive filaments of Dioniea, which do not secrete, like- 
wise undergoes aggregation from the action of a weak 
solntion of carbonate of ammonia. 

The process of aggregation is a vital one ; by which 
I mean that the contents of the cells must be alive 
and miinjured to bo thna affected, and they must be in 
au oxygenated condition for the transmission of the 
process at the proper rato. Some tentacles in a 
drop of water were strongly pressed beneath a slip of 
glass; many of the cells were ruptured, and pulpy 
matter of a purple colour, with granules of all sizes 
and shapes, exuded, but hardly any of tho cells were 
completely emptied. I then added a minute drop of 
a solution of one part of carbonatu of ammonia to 
109 of water, and after 1 hr, esamined the specimens. 
Here and there a few celb, both in the glands and in 
the pedicels, had escaped being ruptured, end their 
contents were well aggregated into spheres which were 
constantly changing their forms and positions, and a 
current could still be seen flowing along tho walls; 
so that the protoplasm was alive. On the other hand, 
the exuded matter, which was now almost colourless 
instead of being purple, did not exhibit a trace of 
aggregation. Nor was there a trace in tho many 
cells which were ruptured, but which had not been 
completely emptied of their contents. Though I 
looked carefully, no signs of a current could be seen 
within these ruptured cells. They had evidently been 
killed by tho juessure ; and tho matter which they 
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Btill contained did not undergo aggregation any moro 
thun tliat wliicli had exuded. In these specimens, as 
I may add, the individuality of the life of each cell 
waa well illustrated. 

A full account will be given in the next chapter of 
the effects of heat on the leaves, and I need here only 
state that leaves immersed for a short time in water at 
a temperature of 120° Fahr. (4S°-8 Cent.), which, as we 
have seen, does not immediately induce aggregation, 
were then placed iu a few droi)3 of a strong solution 
of one part of carbonate of ammonia to 109 of water, 
and became finely aggregated. On the other hand, 
leaves, after an immersion in water at 150° ((i5°-5 
Cent.), on being placed in the same strong solution, 
did not undergo aggregation, the cells becoming filled 
with brownish, pulpy, or muddy matter. With leaves 
subjected to temperatures between these two extremes 
of 120° and 150= Fahr. (48°-8 and 65"-5 ticnt.), there 
were gradations in the completeness of the process ; 
the former temperature not preventing aggregation 
from the subsequent action of carbonate of ammonia, 
the latter quite stopping it. Thus, leaves immersed 
in water, heated to 130° (G-±°-l Cent.), and then in the 
solution, formed perfectly defined sphei^es, but these 
were decidedly smaller than in ordinary cases. With 
other leaves heated to 140° {CO" Cent.), the spheres 
were extremely small, yet well defined, but many of 
the cells contained, in addition, some brownish pulpy 
matter. In two cases of leaves heated to 145" {62°'7 
Cent.), a few tentacles could be i'ound with some of 
their cells containing a few minute spheres; whilst 
the other cells and other whole tentacles inclu<led 
only the brownish, disintegrated or pulpy matter. 

The fluid within the colls of the tentacles must be 
in an oxygenated condition, in order that the force or 
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influence whiph induces aggregation should be trans- 
milted at the proper rate from cell to cell. A plant, 
with its roota in water, waa left for 45 m. in a ressel 
containing 122 oz. of carbonic acid. A. leaf from this 
plant, and, foi comparison, one from a fresh plant, were 
both immersed for 1 lir. in a rather strong solution 
of carbonate of ammonia. They were then compared, 
and certainly there was much less aggregation in the 
leaf which had been subjected to the carbonic acid 
than in the other. Another plant was exposed in 
the same vessel for 2 hra, to carbonic acid, and one of 
ita leaves waa then placed in a solution of one part of 
the carbonate to 437 of water; the glands were in- 
stantly blackened, showing that they bad absorbed) 
and that their contents were aggregated ; but in the 
cells close beneath the glands there was no aggre- 
gation even after an interval of 3 hrs. After 4 hrg. 
15 m. a few minute spheres of protoplasm were formed 
in these cells, but even after 5 hrs. 30 m. the aggre- 
gation did not extend down the pedicels for a length 
equal to that of the glands. After numberless trials 
with fresh leaves immersed in a solution of this 
strength, I have never seen the aggregating action 
transmitted at nearly so slow a rate. Another plant 
was left for 2 hrs. in carlxinic acid, but was then 
exposed for 20 m. to the open air, during which time 
the leaves, being of a red colour, would have absorbed 
some oxygen. One of them, as well as a fresh leaf 
for comparison, were now immersed in the same solu- 
tion as before. The former were looked at repeatedly, 
and after an interval of 65 m. a few spheres of 
protoplasm were first observed in the cells close be- 
neath 4he glands, but only in two or three of the 
longer tentacles. After 3 hrs. the aggregation had 
trarelled down the pedicels of a few of the tontaclea 
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for a. length equal to that of the glands. On the other 
hand, in the fresh leaf BUnilarly treated, aggregation 
was plain in many of the tentacles after 15 m.; after 
65 m. it had extended down the pedicels for four, five, 
or more times the lengths of the glands ; and after 
3 hra. the cells of all the tentacles were affected for 
one-third or one-half of their entire lengths. Hence 
there can be no doubt that the exposure of leaves to 
carbonic acid either stops for a time the process of 
aggregation, or checks the transmission of the proper 
influence when the glands are subsequently excited 
by carbonate of ainmouja; and this substance acta 
more promptly and energetically than any other. It 
is known that the protoplasm of plants exhibits its 
spontjmeous movements only as long as it is in an 
oxygenated condition; and so it is with the white 
corpuscles of the blood, only as long as they receive 
oxygen from the red corpuscles ;' but the cases above 
given are somewhat difl'erent, as they relate to tho 
delay in the generation or aggregation of the masses 
of protoplasm by the exclusion of oxygen. 

Summary and Conehiding Remarls. — The process of 
aggregation is independent of tho inflection of tho 
tentacles and of increased secretion from the glands. 
It commences within the glands, whether these have 
been directly excited, or indirectly by a stimulus 
received from other glands. In both cases the pro- 
cess is transmitted from cell to cell down the whole 
length of the tentacles, being arrested for a short 
time at each transverse partition. With pale-coloured 
leaves tho first change which is perceptible, but only 

• With TOBpcct 10 (ilantB. SncliB, 
'Traiti da Bot.,' 3rd edit., 187-1, 
p. 8i>4. On bloml corpusclps, bco 
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under a Iiigh power, is the appearance of the finest 
^rumles in the fluid within tlie cells, making it 
slightly cloudy. These granules soon aggregate into 
small globular masses. I have eeen a cloud of this 
kind appear in 10 s. after a drop of a solution of car- 
bonate of ammonia had been given to a gland. With 
dark red leaves the first visible change often is the 
converaion of the outer layer of the fluid within the 
cells into bag-like masses. TJie aggregated masses, 
however they may have been developed, incessantly 
change their forms and positions. They are not filled 
with fluid, but are solid to their centres. XTltimatdy 
the colourless granules in the protoplasm which flows 
round the walls coalesce with the central spheres or 
masses; bnt there is still a current of limpid fluid 
flowing within the cells. As soon as the tentacles 
fully re-expand, the aggregated masses are redis- 
Bolved, and the cells become filled with homogeneous 
purple fluid, as they were at first. The process of re- 
dissolution commences at the bases of tlie tentacles, 
thence proceeding upwards to the glands ; and, there- 
fore, in a reversed direction to that of aggregation. 

Aggregation is excited by the most diversified 
causes, — by the glands being several times touched, — 
by the pressure of particles of any kind, and as these 
are supjxirted by the dense secretion, they can hardly 
press on the glands with the weight of a millionth of 
a grain,* — by the tentacles being cut off close beneath 



* Aocording to Ilofmeister (oa gntion ia a different phonnmonnn, 

qnoted b/ Bacba, ' Troite de Dot.' aa it rclutrs to the contents of tlia 

1B74, p. 958), yerj sliglit pr<a- celU, nnd only easindiuily to tliu 

■nio oil tbo ooli-metDbrano urresls layer of prolopIaKm which Si>wii 

imtncdiktolT tho moTementa of elong the walla ; though Dn doubt 

lb€ proiopueni, aod evea deter- the cffL*cta of prosaure or of n 

mined it« aepBratino from the tench on Iho outxide roust ba 

walU. But the iiroc«ui nf nggre- trunsmilti'il lliroufli this layer. 
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the glands, — by the glands absorbing various fluids or 
matter dissolved outof certain bodies, — by exosmose, — 
and by a certain degree of heat. On the other hand, 
a temperature of about 150" Fahr. (65°-5 Cent.) does 
not excite aggregation ; nor does the sudden crushing 
of a gland. If a coll is ruptured, neither the exuded 
matter nor that which still remains within the cell 
undergoes aggregation when carbonate of ammonia is 
added. A very strong solution of this salt and rather 
large bits of raw meat prevent the aggregated masses 
being well developed. From these facts wo may con- 
clude that the protoplasmic fluid within a cell does 
not become aggregated unless it be in a living state, 
and only imperfectly if the cell has been injured. We 
have also seen that the fluid must be in an oxygen- 
ated state, in order that the process of aggregation 
should travel from cell to cell at the proper rate. 

Various nitrogenous organic fluids and salts of am- 
monia iuducQ aggregation, but in difl'erent degrees 
and at very diflfcrent rates. Carbonate of ammonia 13 
the most powerful of all known substances ; the ab- 
sorption of T-rrrsTT of a grain {-000482 mg.) by a gland 
suffices to cause all the cells of the same tentacle to 
become aggregated. The first cfi'cct of the carbonate 
and of certain other salts of ammonia, as well as of 
some other fluids, is the darkening or blackening of 
the glands. This follows even from long immersion 
in cold distilled water. It apparently depends in 
chief part on the strong aggregation of their ccll- 
contenta, which thus become opaque, and do not 
reflect light. Some other fluids render the glands of 
a brighter red ; whilst certain acids, though much 
diluted, the poison of the cobra-snake, Ac, make the 
glands perfectly white and opaque ; and this seema to 
depend on the coag illation of their contents without 
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any aggregation. Nevertheless, before being tlins 
effected, they arc able, at least in some cases, to excite 
aggregation in their own teatacles. 

That the central glands, if irrituted, send ccntri- 
fngally some influence to the exterior glands, causing 
them to send back a centripetal in£uenco inducing 
aggregation, ia perhaps the most interesting tact given 
in this chapter. But the whole process of aggrega- 
tion is in itself a striking phenomenon. Whenever 
the peripheral extremity of a nervo is touched or 
pressed, and a sensation is felt, it is believed that an 
invisible molecnlar change is sent from one end of tlio 
nerve to the other ; but when a gland of Droscra is 
repeat€dly tonched or gently pressed, we can actually 
see a molecular change proceeding from tho gland 
down the tentacle ; though this change is probably of 
a uery different natnre from that in a nerve. Finally, 
as so many and such widely different causes eseito 
aggregation, it would appear that the living matter 
within the gland-cells is in so unstable a condition 
that almost any disturbance suffices to change its 
molecular nature, as in the case of certain chemical 
compounds. And this change in the glunds, whether 
excited directly, or indirectly by a stimulus received 
from other glands, is tranamitt<?d from cell to cell, 
causing granules of protoplasm either to be actually 
generated in tho previously limpid fluid or to coalesce 
and thus to become visible. 

Suppkmenlary Ohservatione on /he Process of Aggre- 
gation in the Roots of Plants. 
It will hereafter be seen tliat a weak Bolntii>n of ttio fitr- 
boTulfl of ammonia indiiccD afi^TOfi^atJon in the cells of the roots 
of Droeora; and tbis led me to nmJio a few trinls on tlio roolji 
of other pinnln. I dug up in tho latter jmrt of Oclolier Iha 
Gret wood which I met with, \iz. Euphurhla jie/Uui', l«ing care- 
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fol not to injure the loots ; these 'were washed and placed in a 
little solution of one part of carbonate of ammonia to 116 of 
vater. In less than one minute I sun' a cloud travelliug from 
(wll to cell up the roots, with wonderful rapiditj. After from 
bin. to 9 m. the fine granules, which caused this cloudy appear- 
ance, liccame aggregated townrda the eitromities of the roots 
into qnadrangular miisscs of brown niattcr ; and some of these 
soon changed their forms and became Bpherical. Some of the 
colla, however, remained nnaffeoted. I repeated the eiperi- 
ment with another jilant of the same BpecicB, but before I could 
pet the specimen into focus under the mic[oscope, clouds of 
granules and quadrangular masses of roildjsh and brown 
matter were formed, and had run far up all the roots. A freeh 
root fras now left tor 18 hrs. in a drachm of a solution of one 
part of the carbonate to 437 of water, so that it received ] of 
a Brain, or 2-024 mg. When eiamiued, the cells of all the 
roots throughout their whole length contained aggregated 
masses of nxldish and brown matter. Sefore making thes« 
experiments, several roots were closely examined, and not a 
trace of the cloud; appearance or of the granular masses could 
lie seen in an; of them. Koota were aliio immersed for 35 m. 
in a solution of one part of carbonate of i>otaKh lo 218 of water; 
but this salt produced no effect. 

I may here add that thin slices ot the slom of the Euphorbia 
were placed in the same solution, and the cells which wcro 
green JDstantl; became cloudy, whilEt others which were liefore 
colourless were clouded with brown, owing to the formation of 
numerous granules of this tint. I have also seen with various 
kinds of leaves, loft for some time in a solution of carbonate of 
ammonia, that the grains of chlorophyll ran together and 
partially coalesced ; and this secniB to bo a form of aggregation. 

Plants of duck-weed (Lemna) were left for between 30 m. and 
45 m. in a solution of one part of this same salt to 116 of w^ter, 
and three of their roots were then examined. In two of them, 
all the cells which had proviously contained only limpid fluid 
now included little green spheres. After from IJ hr. to 2 hrs. 
similar spheres appeared in the cells on the borders of the 
leaves ; but whether the ammonia had travelled up the roots or 
had been directly absorbed by the leaves, I cannot say. As 6na 
BjJocicB, Lemiia arrhiin, produces no roots, the latter alternative 
is perhaps the most probable. After alwut 21 hrs. some of the 
little green spheres in the roots were broken up into small 
granules which exhibited Brownian movements. &jmo duck- 
weed was also left for 1 hr. W m. in a sohition of one part of 
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c&rbonste of potash to 218 of water, and no decided chaugo 
coald be perceived in the cells of the roota; but when those 
■une roots were placed for 25 m, in a solution of car1x)nato of 
umnonia of the same etrengtli, little green epherce were formed. 
A green marine alga was left for some time in this same solu- 
tiim, but was verj donbtfally offecled. On the other hand, a 
red marine alga, with finel; pinnated frondn, was strongly 
affectod. The contents of the cells af^grcgalcd themselves into 
broken rings, still of a red colonr, wliich very slowly and 
slightly changed their abapoR, and the central epacca within 
thwe lings became clondy with red grannlar matter. Tho 
facts here given (whether they are now, I know not) indicate 
that interesting results would perhaps bo gained by obserring 
the action of Torioos saline solutions and other fluids on the 
roots of plants. 
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Nrttnro of tho experiments — Effeeta of boiling water — Warm wotcr 
oan«a rapkl inflecliou^Wuti-r nt a higher temjienitilro doos not 
cause immulmte iiiiltutioD, but dnoa ont kill tliu luuves, aa shown 
by tboir Bubecquont re-tupuneion and b; tbu aggrof|;iktton of tho 
protopLum — A etill bijjbcr temperature kilLa tba Itavea and 
Doagnlntes tbe tUbuminoiu contents of tbe glands. 

In my observntious od Drosera rotandifdia, the leaves 
seemed to be more qiiickly iufleeted over atmnal sub- 
stances, and to remain inflected fur a longer period 
during very warm than during cold weather. I 
wished, therefore, to ascertain wlietlier beat alone 
would induce inflection, and wbnt temperature waa 
tho most efficient. Another interesting point pre- 
sented itself, namely, at what degree life was extin- 
guished ; for Drosera offers unusual facilities in this 
respect, not in the kiss of tho power of inflection, but 
in that of subsequent re-expansion, and more espe- 
cially in the failure of tho protoplasm to become 
aggregated, when the leaves after being heated are 
immersed in a solution of carbonate of ammonia," 



• Wlien my cxperimentR on the 
cffucta oE heot were Innde, I wua 
not Bwure that the subject hud 
been carefully iun'Btigiited by 
Boverul obeervprs. For inetiPiee, 
Siicha is onviru'ed ('TruitJ do 
Ikititniqno; 1874, pp. 772, 854) 
that tbe most dlfTi/rent kinds iit 
pluiitB all pi-riab if ktpt for II) m. 
Ill water at 45° to 40° Cent., or 
113" to 1ia''Fiihr.: iin.1 be oi.n- 



cludoB tbiLt tbe protoplasm with- 
in their culls ulways couguliktes, 
if in a d^iiup condition, at a tem- 
perature of lietweou 50° 0011.00° 
Cent., or 123° to 140° Fahr. Mm 
Scbultzo and Kiibne (lu qunleil 
by Dr. Haelinn in " Contemii. 
liLview,' lS7i, p. 5M«) " found 
that the imjt.i[iliiBm r)f plant- 
eilij-. witb whieh thev eM«ri- 
mei.tnl. «ii« al«a)9 k"ilUI and 




ilj dperimantB ircro tried in the folloning mnimcr. Lcnvoa 
were cnt off, and this does not ld tlie l<;ast inlerforo with their 
po^ren; tor inBtani.M, throe cut-off leaves, with liits ol meat 
plaeod OQ thom, were kept in s damp atmoepherc, and after 
33 hm. elrmeij embraced the meat both with tlicir (^.n- 
toeks md tdades; and the protoplasm within their c^^IIb wiu 
well aggregated. Three ounces of doahty distilled watir wax 
healed in a porcelain veesol, with a deUcate thermometer 
baviag a long bulb ohiiqneiy mispendod in it The water was 
gndnallf nised to the required lemporatiiro by a iipirit-laiiip 
moved abont andur the Teesel ; and in all casce the leaves 
wen continoally waved for aomo miDutes close to the bull). 
They were then placed in cold water, or in a Eolntion of car- 
bonate of ammonia. In other easee thoy were left in the water, 
which had been mified to a certain temperature, until it cooled. 
Again in other cabcb tlie leaves were euddenly plunged into 
water of a certain tempemtnre, and kept tlicro (or a Rpioifieil 
time. Considering that the tentacles oro ettremely dcliento, 
and that their coals ore very thin, it seems Bcarcely possible 
that the flnid onttints of their cells eliould not have been 
heated to within a degree or two of the ti'iiiiKirnture of the 
mrrounding water. Any further precautinna wonid, I think, 
have been Ruperfluoos, as the leaves from ago or constitutiouul 
causes differ slightly in their sonsitivcneEs to heat 

It will bo convenient first briefly to dexcrilxj the effects of 
imnietsion for thirty seconds in boiling water. Tha leaven are 
rendcrcff flaccid, with their tentacles bowed tuickwards, whieh, 
as we shall soo in a future chapter, is'probably duo to ilicir 
outer BUrTaccs retaining their elasticity for a lonf^r period than 
their inner snrfaccs retain the power of contraction. The 
pnrple flnid within the cells of the jxidicula is rendered finely 
granular, bat there is no true ag£r^;ation ; nor docs tliis follow 



altered by a very brief expo- 
sure to a temporatnro of lltj|^ 

Fahr. SM a mniimutii." As my Bomo low vetfw 

ranlta axe clvdiieecl from BpocUl pnv io liot npri 

pkenomena, namely, the onhiHi- wliirh hnvii lu-cn r'lllertcd by 

qamit aggregation of the proto- Prof, Wynmn {' AnH>ri™n Jniinml 

pla*m and the ro-expaneinn of nfHcii'ni'i,' vejI. xliv. INpITi, TIiiii-, 

the tentoolcii, thej aecm In me Dr, H—ki-t Toiiipil ConfiTva' in 

worth giving. Wo bIuiU llnd llmt waUr iit li;K' tVlir.; Hiiiiit-.Ul, 

DraSL'ra resints Iiont unim'Wliiit nt Ih-T Ful.r.; udJ llidBtUiiiiaiux, 

Ivltci than nicMtt other plutit^. ut 'JUtl^ t'uhr. 
That there should bu oomildei- 
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when the leaves are subRennently placed in a Bolation of car- 
boDnlo nf ammonia. But the most rcmarkalile cliaope is that 
the slBDiis become opaque and uniformly wliile; and this may 
lie tLttriliuted to the coa^latioQ of their alboiniuoua contenls. 

My first ond proUminnry experiment consisted in putting 
BQvcn leaves in the same vckhoI of water, and warming it slowly 
up to the lemperfttiire of 110° Falir. (43'-3 Cent.) ; h leaf being 
taken out as soon as the tfmperatnre rose to tiO° (Se^-e Cent), 
Quother at 85°, another at "Hf, and so on. Each leaf, when taken 
ont, was placed in wat*r at the temperatnre of my room, and 
tlio tcutaelea of all soon btcanio slightly, thouph irregularly, 
inflected. They were now removed from the cold water and 
kept in damp air, with bits of meat placed on their discs. 
The leaf which hail been expoatd to the temperature of 110° 
bcenmo in 15 m. greatly intLxited ; and in 2 hrs. every singlo 
teiitacle closely embraced the meat. So it was, but after rather 
longer intervals, with the sii other leaves. It appears, tliero- 
fure, that the warm bath had increased their sensitiveness 
wlicQ excited by meat. 

I next obscrrod the degree of inflection which leaves undcr- 
wc'ut wittiin stated periods, wliilst still immersed in worm 
water, kept as nearly as possible at the same temperature ; but 
I will hero and oUcwhcre give only a few of the many trials 
made. A leaf was left for 10 m. in water at 100" (37'-7 Cent), 
but no inflection occurred. A second leaf, liowever, treated in 
the some manner, had a few of its exterior tenlacles very 
slightly inflected in 6 ra., and several irrcgrularly hut not closely 
inflected in 10 m. A' third leaf, kept in water at 105" to 106" 
(4U°.5 to ir-1 fent.), was very moderately inflected in 6 m. 
A fourth leaf, in water at llff" ('13''-3 Cent), was Komewliat in- 
flected in 4 m., and considerably so in from C m. to 7 m. 

Three leaves were placed in water wliich was heated rather 
quickly, and by the time the tompemturu rose to 115°— 110" 
(■IG"'! to 4G^06 Cent.), all three were inflected. I then removed 
the lamp, and in a few minutes every single tentacle was 
closely inflected. The protoplasm witliin the cells was not 
killed, for it was seen to be in distinct movement ; and the 
leaves, having been left in cold water for 20 hrs., re-eipanded. 
Another leaf was immersed in water at 100° (37°-7 Cent), which 
was raised to 120* (ih^'S Cent.); and all the tentacles, except 
the CTtreme njarginal ones, soon became closely inflcctcil 
The leaf was now placed in cold water, and in 7 hrs. 30 m. it 
had partly, and iti 10 hrs. fully, re-eipande<i. On the follow- 
ing morning it was immersed in a weak solution of cai'bonato of 




k. dboviiq; l)i»t tho pnito* 
I Atf lb« (tea^ li«J Dill kist thrir pnvvr <4 
aft»^^ ^AMttar hur m pkrad in vitt.r M 110^ (4S^N1 
OiM^^riAvHBMdta IXr (<S=^ C<iiL); and «Tt>«7 Im- 
te^^^^limiB^viBfneldTMil «k»clf inllwtcd. Thia hiaf 
I ■ ■ fcw drapa of » fiU«ni! aoluttnn of nir> 
• («Mputtol09af nter); ia 10 m. all Uw 
'i, and in 3 hn. tlxi pmhiplnan In 
■ iddl atont^kxL AuotluT li<af WM 
mtj |iIbh.i il. nd aa osiul wvntl about, iu vah'r at I'JlT, 
ite tmadM becaiiM mflc«ttd in frnnt -i m. to 9 m., hut 
^ ■• to rtattd at right aisles to l)n< disc. Tho lf»( was 
plM»i B On Moae Bolntioa (tix. oiw pMl of rarKtnatv of 
t to KB o( vato-. <k 4 gn. lo 1 ox., triiirh I will fur 
■ tbe stnu^ solntioii). nuil witi'ti 1 Imiltnl 
at it jcaiii after tbe intcrral of au hour, t1u< Rinixlx wiro 
blMkned, and there waa welt-roarkttl nKK^To' ■<>!>' Arivr an 
■Jililifl inlerral of 4 hr& the tenUclivs \itul Imh-oiiid niii<-.li 
nan iBlleeted. It deeerree notJoe that a solnlinn aa atrniiR an 
tliia Berer caoew inSection in onliniiry Oiwvo. I.niitly a luaf 
vaa ntddatdj placed Id water at 125° (Til'G CviiL), niiil um 
left in it until tho wattr eooltil ; tlio ti-iilnt-loH woni niuhtnxl 
of a tnigfat rol and soon bccamo influotiil. The niiiU'iili iif 
the oell£ nnderweot some degree of agftn^p'ti'J'ii w'l'i'li iu 
the conrse of three houra incroaMKl ; but the itiiuii«« of pmlo. 
ptaem did not become Epiioricnl, oa almost nlwaya uciuini will) 
kavea immersed in a solution of catbonaU) of auiiiioiiiit. 

We learn from these eases that a tfinin>riifimi iif 
from 12ir to 125° (48°-8 to Sl'ti Ci'iit.) cx.-iirs (liti 
tentacles into quick movcmi!iit, but ilmin imt l<itt (Iid 
learca, as shown either by their stilHciiui-iilrti-i'XjijiiiHiuii 
or by the aggregation of tho imitjiiiiumn. Wo xliiill 
now see that a temperature of 130° (CA"'-l Cfni.) in Um 
high to cause immediate intlcctioii, yi't iIiu'm iml, lijH 
the leaves. 

Exjtriment 1. — A leaf was pIuuRod, and lut in at) vnmM , 
waved about for a fuvr minutes, in wnter at lUU" (M"'!! (Tuiit,), 
bnt there woa no trace of inflection; it won then jiloreil in mid 
water, and after tat interval of 15 m. very Blow uiovnuictit won 
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diaiinctlf soen in a smalt moss of protopliunn in ono of the cells 
of a bmtacla.* Aftur a few hoilra all thu tentacles nud the 
blade bccOiDio inflected. 

/'.'jji-rii'iFHt 'i.— ADother leaf ivas plunged into wnter at 130° 
to 131°, and as Iwfure there was no iuflection. After being kejit 
iu cold wat«r for an hour, it was jilnccd in the strong solution 
of ammonia, and in the coarse of 55 ni. tho tentacles were con- 
Bideralily inflected. Tho glands, which before had been rendered 
of a brighler red, were now blackened. The protoplasm in tho 
cgHb of the tcnlacloa was distinctly aggregated ; but the spheres 
were much amallei than those usually generated in nnheated 
loaves when subjected to carbonate of anmionk. After an 
ndditional 2 hrs. all tho tciitiLcIes, excepting six or seven, wora 
closely inflected. 

&;«ri'mBii( 3. — A similar espcriment to the last, with exactly 
the same results. 

Ji-jperiint/it 4.— A fine leaf was placed in water at 100° (37°-7 
Cent.), which was then raised to 145" (Gif? Cent.). Soon after 
immerRioo, there was, as might havo been especfed, strong 
inHectioiL Tlio loaf was now removed and left in cold water; 
but from having been exposed to so high a temiferature, it 
never ro-expanded. 

l-Jxprriment 5.— Leaf inmierfiod at 130' (5'l°'-t Cent.), and tho 
water raised to 145'^ (62°-7 Cent.), there was no inmiediate in- 
flection ; it was thou placed in celd water, aud after 1 hr. 20 m. 
some of tho tentacles on one side becanio inflected. This 
loaf was now placed in tho strong Bolntion, and in 40 m. all 
tho Hubmarginal tentacles were well inflected, and tho glands 
blackened. After an additional interval of 2 lirs. 45 m. all tho 
. tentacles, except eight or ton. were closely inflected, with their 
cells exhibiting a slight degree of aggregation ; hut the sphereB 
of protoplasm were very small, and tho colls of the exterior 
tentacles coutained some puljiy or dLsintegrated brownish 
matter. 

KxptHmenU C u»'l 7. — Two leaves were plunged in water at 
135° (57° -2 Cent.) which was raised to US" (W'! Cent.) ; neither 
became influcl«(L One of these, howerer, after having boon left 
for 31 m. in cold water, eihibited some slight inflection, wliich 
inereHEed after an additional interval of 1 hr. 45 m., until 

* Bniiha uttttoa (■ Tmil*: do Ho- after Uiej •ere pupnsoij fur 1 m. 

tBnir|uu,' 1874. p. 8SS) tlmt Ihir in water In a tpirii«rutu™ iif 47° 

inovoinfnta if tli.' iimli.|]lii»m in In W Cunt., ur 117° to 119° 

the Lai™ of u CuBurliitii cuuseil t'uhr. 
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aU Uie tontaclos, except aixteca or seventcon, waro moro or Ida 
inflected; but the leaf was eo much injured that it noTer rc- 
expandod- The other leaf, after hxTiDg been loft for half an 
hoar in cold water, was put into the strong solution, but no 
inflection ensned; the glands, however, were blackened, and in 
Bome cells there vae a little aggregation, the spheres of proto- 
plasm bedng extremely small ; in other cells, especial!; in the 
exterior tentacles, there was much grcGnish-browQ pulpy 
matter. 

Experiment 8. — A leaf was plunged and waved a1x>iit for a 
Caw tninutea in water at 140° (60° Cent.), and was then left for 
half an boor in cold wat«r, but there was no inflection. It was 
DOW placed in the strong Boltttion, and after 2 hrs. 30 m. tbo 
inner sabinarginal tentacles were well inflected, with their 
glands blackened, and some intporfoct aggregation in the cells 
of the pedicels. Three or four of the glands were spotted with 
the white porcelain-like structure, liko that produced by boiling 
water. I have seen this result in no other instance after an 
immeraion of only a few minnlcs in water at so low a tcmpo- 
ratnie oa 140°, and in only ono loaf ont of four, after a similar 
immersion al a temperature of 115" Fahr. On the otiior hand, 
with two leaves, one placed in water at 145' (62''7 Cent,), and 
the other in water at 110= (60° Cent.), l«th being left therein 
until the water cooled, the glands of both hccamo white and 
porcetain-like. So that the duration of the immersion is an 
important element in the result 

HjTurriraenl 9.— Aleafwae pkccd in water at Uff' (60" Cent.), 
which was raised to 15(f (66°' 5 Cent.}; there was no inflection; 
on the contrary, the onler tentacles were Aomcwbat bowed back- 
warda. The glands became like porcelain, but some of thcra 
were a little mottled with pnrplo. The Imihos of the glanthi wore 
ollen more affected than thc-ir summits. Tliis leaf having been 
left in the strong solution did not undergo any inflection or 



Eiperimtnl 10.— A leaf was plQBged in water at 150" to 1501" 
(65°'5 Cent.); it became somewhat flaccid, with the outet ten- 
tacles slightly reflexed, and tho inner ones a little bent inwarrls, 
but only towards their tipe; and this latter fact shows that tbo 
nurement was not one of true infleetion, as tho Ixisal part 
alone normally Iwnda. Tho tentacles were a" dkqsI rendered of 
a rery bright red, with the glands almost white liko porccluio, 
]ret tinged with pink.. The leaf having been placed in tho 
strong eolation, the ceil-conteitts of the tentacles bocnmo of a 
mnddy brown, with no trace of aggregation. 
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Experiment 11.— A loaf was immersed in water at 115° (6ir-7 
Coni), which waa raised to 156° (6B=-8 Cent.). The tentacles 
becams bright red and Gomewhat rufleicod, with almoBt all the 
glanda like porcelain; those on the diso being etill pinkish, 
those near the margin quite white. Tho leaf being placed aa 
usual first in cold water anil then in tho Rtrong solution, the 
cellu in the tentacles became of a muddj greeuish brown, with 
the protoplasm not aggregated. Nevertheless, four of the glands 
escaped being rendered like porcelain, and the pedicels of these 
glonilB were spirally cnrled, like a French horn, towards tlieir 
upper ends; but this can by no means be considered as a 
case of true inflection. The protoplasm within the cells of the 
twisted portions was aggregated into distinct though excessively 
minute purple spheroB. This case shows clearly that tlie proto- 
plasm, after having IxKin exposed to a high temperature for a 
few minutes, is capable of agErcgntion when ^erwards sub- 
jected Ut tho action of carbonate of ammonia, unless the heat 
Loa been sufficient to cause coagulation. 

Concluding Remarks. — Aa the hair-liko tentacles are 
extremely tliin anil have delicate walls, and as the 
leaves were waved about for some minutes close to tlie 
bulb of the thermometer, it seems scarcely possible 
that they should not have been raised very nearly to 
the teinpL'rature which the instniment indicated. 
From tho eleven last observations we see that a tem- 
jwrature-of 130" (Sl^^ Cent.) never cauaca the imme- 
diate inflection of the tentacles, though a temperature 
from 120' to 125" (48''-8 to 51''-6 Ceut.) quickly pro- 
dnces this eflfect. But tho leaves are paralysed only 
for a time by a temperature of 130", as afterwards, 
whether left in simple water or in a solution of car- 
bonate of ammonia, they becorao inflected and their 
protoplasm undergoes aggregation. This great dif- 
ference in tho efl'ects of a higher and lower tempera- 
ture may bo compared with that from immersion in 
strong and weak solutions of the salts of ammonia ; for 
the former do not excite movement, whereas the latter 
act energetically. A temporary suspension of the 
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power of moTement dae to heat is called by Sachs' 
heat-rigidity; and thia in the case of the sensitive- 
plant (Mimosa) is induced by its exposure for a few 
minut£s to humid air, raised to 120° — 122° Fahr., or 
49' to 50° Cent. It deserves notice that the leaves of 
Drosera, after being immersed in water at 130° Fahr., 
are excited into movement by a solution of the car- 
bonate BO strong that it would paralyse ordinary 
leaves and cause no inflection. 

The exposure of the leaves for a few minutes even 
to a temperature of 145° Fahr, (62''7 Cent.) does not 
always kill them ; as when afterwards left in cold 
water, or in a strong solution of carbonate of ammo- 
nia, they generally, though not always, become in- 
flected; and the protoplasm within their cells under- 
goes aggregation, though the spheres thus formed are 
extremely small, with many of the cells partly filled 
with brownish muddy matter. In two instances, when 
leaves were immersed in water, at a lower temperature 
than 130° (54''-4 Cent.), which was then raised to 145° 
(62°-7 Cent,), they became during the earlier period 
of immersion inflected, but on being afterwards left 
in cold water were incapable of rc-cxpansio». Ex- 
posure for a few minutes to a temperature of 145° 
sometimes causes some few of the more acnsitivo 
ghinds to be speckled with the porcelain -like appear- 
ance ; and on one occasion this occurred at a tempera- 
ture of 140° (60° Cent.). On another occasion, when 
a leaf was placed in water at this temperature of oidy 
140', and left therein till the water cooled, every 
gland became like porcelain. Exijosuro for a t'l-vt 
minutes to a temperature of 150° (tio'-o Cent.) gene- 
rally produces this effect, yet many glands retain a 
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piukish colour, anJ many present a speckled appear- 
ance. This liigli temperature never causes true iniluc- 
tion ; on the ctjiitrary, tho tentitelcs commonly become 
reilexed, though to a lcs3 degree than when immersed 
in boiling water ; and this apparently is due to their 
passive power of elasticity. After exposure to a tem- 
perature of 150" Tahr., the protoplasm, if subsequently 
subjected to carbonate of ammonia, instead of under- 
going aggregation, is converted into disintegrated or 
pulpy discoloured matter. In short, the leaves are 
generally killed by this degree of heat; but owing to 
differences of age or constitution, they vary somewhat 
in this respect. In one anomalous case, four out of 
the many glands on u leaf, which had been iinmersed 
in water raised to 156° ((iS''8 Cent.), escaped being 
rendered porcellanous ; " and the protoplasm in the 
cells close beneath these glands underwent some 
slight, though imperfect, degree of aggregation. 

Finally, it is a remarkable fact that the leaves of 
Droaera rolundi/olia, which flourishes on bleak upland 
moors throughout Great Britftin, and exists (Hooker) 
within the Arctic Circle, should be able to withstand 
for even a short time immersion in wat«r heated to a 
temperature of 145°.t 

It may bo worth adding that immersion in cold 



* As tho npcicLtT nnd pnrceliiin- 
liltB aiipoorence of the glaniia is 
pciiliuiily dui- to tliu cnafiulution 
of tht alliimitn, I may udil, on thu 
autliority of Dr. Biinlou tintidtT- 
lOD, thut nltiuiiKMi inagulatPB at 
aliout 15.^°, but, io prcsenoj of 
aoids, tliL'tGmiicratiirL'of coagula- 
tion ia lower. Tbc leavtaof Dro- 
aera ooDtuln an ariil, and perhaps 
a diffLTuncw in tlic nnmunt o..n- 
tnined mriy account for Ihc alii^ht 
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t It appears that cold-blooded 
BiiimaU are, as might havo betn 
expected, far more soniiilive to an 
increaso of tomperaturo than a 
Dmetra. Thus, as I bear from Dr. 
Bunion Sanderson, a frog begins 
to be dititreHsed in water at a tt^D- 
peratureof onlySaTahr. At 95° 
the niu»clca become rigid, and tho 
animal dies in b. stiSentd condition. 
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water does not cause any inilectioD : I suddenly placed 
four leaves, taken from plants which had been kept for 
several days at a high temperature, generally about 
75'" Fahr. (23''-8 Cent.), in water at 45' (7^-2 Cent.), but 
they were hardly at all affected ; not bo much as some 
other leaves from the same plants, which were at the 
some time immersed in water at 75° ; for these beeame 
in a slight degree inflected. 
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CHArXER V. 

Tu« Errai-TS or No.s-NiTaoOENoi'B ash Nithooknoi's Osoiico Flcidj 

ON THE LUTEB. 

Niin-nitrogenoua fliiiilB — BoIutionB of gum arnbio — Bngar — Starch 
— Dilutul nloobol — Olivu oil — Iiif usiuo and decoction of tea — 
Nitcogonoua fluids — Milk — Uriiio — Liquid albumcD — lufuBiou 
of raiT meat — liopure mncuB — Siiliva — Solutina of uinglasa — 
DilTerence ia the actioQ of these two Beta of fluids^Deroctioa of 
gicen peas — Decoction and ioFusion of cablmge — DecoclioD of 
gnuB luQves. 

Weien, in 18G0, 1 first oljscrved Drnscra, and was led to 
bcIieTO tiiat the leaves absorbed nutritious matter from 
the insects which thoy pjiptureJ, it seemed to me a 
good plan to make some preliminary trials with a few 
common fluids, containing and not containing nitro- 
genous matter ; and the results aro worth giving. 

In all tlio following cases a drop was allowed to fall 
from the same pointed instrument on the centre of tho 
leaf; and by rejTcated trials one of these drni>s was 
ascertained to ho on an average very nearly half a 
minim, or ^i-^ of a fluid ounce, or -0295 ml. But thoao 
measurements obviously do not protend to any strict 
accuracy ; moreover, the drops of the viscid fluids wero 
plainly larger than those of water. Only one leaf on 
the same plant was tried, and the plants were col- 
lected from two distant localities. Tho esperimenta 
were made during August and September. In judging 
of the eficcts, ono caution is necessary: if a drop of 
any adhesive fluid is placed on an old or feeble leaf, 
the glands of which have ceased to secrete copiously, 
the drop sometimes dries up, especially if tho phiut 
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13 kept in a room, and somo of the central and siil>- 
marginal tentacles are tliua drawn together, giving to 
them the false appearance of having become inflected. 
This sometimea occurs with wafer, as it is renciered 
adheaivo by mingling with the viscid Becretion. 
Hence the only safe criterion, and to this alouo I 
have trusted, is the bending inwards of the exterior 
tentacles, which have not been touched by the fluid, or 
at most only at their basea. In this case the move- 
ment is wholly due to the central glands ha\-ing been 
■gtimulatcd by the fluid, and transmitting a motor 
impulse to the exterior tentacles. The blade of the 
leaf likewise often cun-es inwards, in tho same manner 
OS when an iustjct or bit of meat is placed oh tlio 
disc. This latter movement is never caused, as far 
as I have seen, by the mere drying up of an ad- 
hesive fluid and the ■ consequent drawing together of 
the tentacles, 

J'irst for the non-nitrogenous fluids. As a pre- 
liminary trial, drops of distilled water were placed on 
between thirty and forty leaves, and no effect whatever 
was produced ; nevertheless, in some other and rare 
cases, a few tentacles became fur a short time in- 
flected ; but this may have been caused by tho 
glands having been accidentally touched in getting 
the leaves into a proper position. That water should 
produce no effect might have been anticipated, as 
otherwise the leaves would have been excited info 
movement by every shower of rain. 

Qum aroiir. — Solutions of four degrees of strength were maclo ; 
one of six groins to the ounce of water (one part to 73) ; a aecoud 
rather atrongor, yet very thin ; a third modoratcly thick, and a 
fourth HO thick that it wonld only just drop from a pointed 
instruincnt. Thcso were tried ou fourteen lenyes ; llio drops 
being lv!t on tho discs from 2'! his. to 4-1 lirs. ; gcnt^ally about 
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30 hre. Inflection was ncyer thus caused. It is necessary 
to try pure guni arabic, fur a, friond tried a solution bought 
ready prepared, and this caused the tentaclcB to bend ; bnt ha 
aftencards ascertained that it contained much amniBl matter, 
probably glue. 

Sugar. — Drops of a solntion of white Bugar of three strengths 
(the weakest containing one part of sugar to 73 of water) ware 
left on fouitocQ leaves from 32 hrs. to 48 hrs. ; hut no effect was 
produced. 

Starch. — A mixture about as thick as cream was dropped on 
sii loaves and left on them for 30 iire., no effect being produced. 
I am surprised at this fact, as I believe that the starch of com- 
raerco generally contains a trace of gluten, and tliis nitrogenous 
Bubatanco causes infloctiott, as wc shall see in the neit chapter. * 

Mcohol, Dilated. — One part of alcohol was added to seven of 
water, and the usual drops were placed on the discs of throe 
leaves. No inflection ensued in tho course of 48 bra. To ascer- 
tain whether these leaves liad 1wen at all injured, bits of moat 
were placed on tham.and after '2i hrs. tbey wore closely inflected. 
I also put drops of sherry -wine on three other leaves ; no infloo- 
tiou waa caused, though two of them seemed somewhat ii^nred. 
We shall heroaltcT see that cut-off leavee immersed in dilated 
alcohol of the above strength do not become inflected. 

Olivs Oil. — Drops were placed on the discs of eleven leaves, and 
no eilect was produced in from 24 hrs. to 4tj hrs. Four of tboso 
leaves were then tested by bits of meat on their discs, and three 
of them were found after 21 hrs. with all their fentocles and 
blades closely inflected, whilst the fourth had only a few ten- 
tacles inflected. It will, however, bo shown in a future place, 
that cut-off leaves immersed in olivo oil are powerfully affected, 

Jn/usioa and Decoction v/ Tta. — Drops of a strong iufnsionand 
decoction, as wdU as of a rather weak decoction, of tea were 
placed on ten leaves, none of which liecarac inflocted. I after- 
wards tested three of them by adding bits of meat to tho drops 
which still remained on their discs, and when I examined them 
after 2-1 hrs. they wore el oeely inflected, Tho chemical principle 
of ie&, namely theino, was snbsettuently tried and prodnccd no 
effect. The albuminous matter which the leaves must originally 
have contained, no doubt, had been rendered insoluble by their 
having been completely dried. 

Wo thus see that, excluding the experiments with 
water, sixty-one leaves were tried with drops of the 
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almve-oamed non-nitrogenous fluids ; onil the tcntjicleB 
were not in a single case inflected. 

With respect to nitrogenous fluids, the first whicli camo to 
band were tried The experiments ncro moda at tlio eome 
time and in exactly the eamo munner as tlie foregoing. 
Am it VH8 immediately evidunt that tlicsc fluidn produced a 
^ivit effect, I Dcglocted in moat cases to record iiow eood the 
tentacles became inflected. Kut this altvaye occnrrod in less 
than 24 hns. ; whilst the drope of non-nitrogenous fluids which 
produced no effect were obseryed in cTcry case during a 
cousideiablj longer period. 

Mili. — Drops were placed on siiteen leaves, and the tentnclea 
or all. as well as the blades of seyeral, soon became greatly 
inflocled. The periods were recorded in only three cases, 
namely, with leaves on which Quusnally Emnlt drops had been 
placed. Tlieir tentacles were somewhat inflected in 45 m. ; 
and after 7 lira. 45 m. the bladee of two were bo much curved 
inwards that they formed little cups enclosing the drops. 
These leaves re-espanded on the third day. On another occa- 
sion the blade of a leaf was much inflected in 5 hrs. after a 
Jrop of milk had been placed on it 

Human (/rtw!.— Drops were placc'd on twelve leaves, and the 
tentacles of all, with a single exception, became greatly infleeted. 
Owing, I presume, to diffi:roncea in the chemical natoro of the 
urine on diflerent occasious, the time required for the movements 
of the tentacles varit-d much, hut waa always effected in under 
24 hrs. In two instances I recorded that all the exterior ten- 
tacles were completely inflected in 17 hrs., but not the blade of 
the leaf. In another case the edges of a leaf, after 25 hrs. 
30 m., Iiecome so strongly inflected that it wns converted into a 
cap. The power of urine does not lie in the urea, which, as 
we shall hereafter see, is inoperative. 

Allmmtn (fresh from a hen's egg), placed on seven leaves, 
caused the tentacles of six of them to be well inflected. In one 
case the cAffe of the leaf itself became much curled in after 
2U hrs. Tlie one leaf which was unaffected remained so for 
26 hre.. and was then treated with a drop of milk, and this 
caused the tentacles lo bend inwards in 12 hrs. 

C<id Fillrrrd Ivfuiion o/ Raw JMnif.— This was triid only on a 
tingle loaf, which bad most of its outer tentacles and the blade 
inflected io 19 hrs. During siibsequunt years, I rc))cato(Ily 
used this infusion to tost leaves which had been experimented 



80 DROSEHA KOTUNDIFOLIA, Ckap. V. 

on with otliDT Bul«tnnccE!, and it was found to m^t most oner- 
gotically, but as no cxuct account of tlicse trials woa kept, they 
are not hero introduced. 

j1/ui7i«.— Tliick and thin mucus from tho bronchial tnbes, 
placed on throe leaves, caused inflection. A leaf with thin 
mucus had its marfjinal teutaelcs and blade somewhat curved 
inward in 5 hrs. 80 m., and grc^tlj so in 20 hrs. Tho action of 
this fluid no doubt is due cither to the suliTa or to some albu- 
minous matter* mingled with il, and not, as we shall see in tho 
next chapter, to mucin or tho chemical principle of mncns. 

Stii'm.— Human saliva, when evaporated, yieldst from 114 to 
I'l^ percent, of reGiduo; and thin yields 025 per cent, of ashes, 
BO that the proportion of nitrogenous matter which saliva con- 
tains must be small. NoTcrthuless, drops placed on tho discs of 
eight leaves acted on thom all. In one case all the exterior ten- 
tacles, excepting nine, were inHected in 19 hrs. 3D m. ; in another 
case a few became so in 2 hrs., and after 7 hrs. 30 m. all those 
situated near where the drop lay. as well as the blade, were 
acted on. ijince making these trials, I hare many scores of 
times just touched glnuds with tho liandle of my scalpel wetted 
with xaliva, to ascerlnin whether a leaf was in an active condi- 
tion ; for this was shown in tho course of a few minutes by the 
bending inwarils of the tentacles. Tho edible nest of the Chiooso 
swallow is formed of matter secreted by the salivary glands ; two 
grains were added to one oimee of distilled water (one part to 218), 
which was boiled for several minutes, but did not dissolve the 
whole. Tho usual-sized drops were placed on three loaves, and 
these in 1 hr. 30 m. were well, and in 2 hrs. 15 m. elosely, 
iuDocted. 

J^iiglfiss.— Drops of a solution about as thick as milk, and of 
a still thicker solution, were placed on ci|^ht leaves, and the ten- 
tacles of all became inflected. In one case the exterior teotaclea 
were well curved in after hrs. 30 m., and the blade of tho leaf 
to a partial extent after 21 hrs. As saliva acted so efficiently, 
and yet contains so small a proportion of uitrogeuons mattor, I 
tried how small a quantity of isinglaKS would act. One part was 
dissolved in '218 parts of distilled water, and drops wore placed 
on four leaves. After 5 bra. two of these were coosiderabiy and 
two moderately inflected ; after 23 hrs. the former were greatly 
and the latter much more inflected. In the course of iH hrs. 



• MiiouH from tho air-paspngea to contain aomo nlbomen, 
is Haiti in Marsliull, 'Oiillincs of f SliJller's'ElcnitntaofPhyBij- 

FhyBiology," vol. u. 18U7, p. iMi+, lc)gj,' Eng. Trana. vaL i. p. 5li. 
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from tha time when the drops wcro placed on the Icares, all 
four had almost le-vipanded. They wen> then given little bits 
of meat, and these acted more powerfully than the Eolution. 
One part of isinglass was next disBolved in 437 of water; the 
fluid thns foimol was so thin that it conid not be distinguished 
froin para water. The usoal-gized drops were placed on seven 
luATes, each of which thus received ^Jn "f * grain (-02^5 wg.). 
Three of them were observed for 41 lirs., but were in no way 
aSectix); the fourth and fifth had two or three of their eiterior 
tentacles inflected after 18 hrs. ; the sixth bad a few more ; 
and the seventh had in addition the edge of the leaf juHt 
perceptibly curved inwards. The tentacles of the fonr laftcr 
leave* began to re-expand after an additional interval of only 
8 hiB. Hence the ^^ of a grain of isinglass is sufiicient to iiffeet 
Tery slightly the more sensitive or active leaves. On one of the 
leaves, which hod not been acted onbj the weak solution, and on 
•uotfaet, which had only two of its tentacles inDcuted, drops of 
tho aolnlion as thick as unilb wcro placed; and next morning, 
■ftcr AD interval of 16 bra, both were found with all their ten- 
tacles strongly inflected. 

Altogether I experimented on sixty-four leaves 
with the above nitrogenous fluiila, tho five IciiTea 
tried only with the extremely weak solutiun of isin- 
glass not being included, nor the numerous triuls 
sabseqaently made, of which no exaet aceount waa 
kept. Of these sixty-four leavea, sisty-thrce had their 
tODtacles and often their blades well inflected. Tho 
one which failed was probably too old and torpid. 
Eat to obtain so largo a proportion of aucceaaful 
cases, caro must bo taken to select young anri active 
leaves. Leaves in this condition were chosen with 
equal caro for the sixty-one trials with non-nitro- 
genous fluids (water not included) ; and we havo seen 
that not one of these was in the least affected. Wo 
may therefore safely conclude that in the sixty-four 
experiments with nitrogenous fluids the iuflectiim of 
the exterior tentacles waa due to the absorption of 
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nitrogenous matter by tho glands of the tenfaclee 
on the disc. 

Some of the leaves which were not affected by the 
non-nitrogenous fluids were, as above stated, imme- 
diately afterwards tested with bits of meat, and were 
thus proved to be in an active condition. But in 
addition to these trials, twenty-tliree of the leaves, 
with drops of gum, syrup, or starch, still lying on 
their discs, which had produced no effect in tho course 
of between 24 hrs. and 48 hrs., were then tested with 
drops of milk, urine, or albumen. Of the twenty-three 
leaves thus treated, seveiiteen had their tentacles, and 
in some cases their blades, well inflected ; but their 
powers were somewhat impaired, for the rate of moTe- 
ment was decidedly slower than when fresh leaves 
were treated with these sumo nitrogenous fluids. This 
impairment, as well as tho insensibility of six of tho 
leaves, may bo attributed to injury from esosroose, 
caused by the density of the fluids placed on their 
discs. 

The results of tt few other csperimontswith nitrogenous fluids 
mil; be here couveuiuail; given. Dococtiona orEorae ve(;etab)es, 
known to be rich in nitrogoD, were mndo, and tiieee acted like 
animal fluids. TIiub, a kw greett peia were boiled for Bomo time" 
in distilled wntcr, and the moderatclj thick deeoction time made 
was allowed to Ecttlo. BropB of the Eiipc'rincimiticnt fluid wore 
placed on four leaves, and when these were looked at after 
16 lirs,, the tentacles and blades of all were found strongly 
inflected. I lufer from a remark by Gerhardt" that legumin ie 
present in peaa " in cnmliitiation with an alkali, forming an 
incoagnlablc Bolution," and this would mingle with boiling 
water. I maj mention, in relation to the attove and following 
ojpcrimente, that according to ScIiifFt certain forms of albumen 
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akX vhich are not ooagii)Atod bj boQiiig water, bat &ie con- 
verted into Bolable peptooes. 

(hi three occasions chopped cabbage-leaves* were boiled in 
diatjlled wat«r for 1 hr. or for 1> hr. ; and bj decautiog the 
decoction after it had been allowed to rest, a pale dirt; green 
fluid was obtained. The OBnal-sized dropn were placed on 
thirteen lesTcs. Their tentacles and blades were inflected after 
4 hr«. to a quite extraordlnarj degree. Next day the piotoplafim 
within the cells of the tentacles was found aggregated in the 
mort strongly marked manner. I also touched the viscid secre- 
tion round the glands of several teuUclcs with minute drops of 
the decoction on the head of a small pin, and the; became well 
inflected in a few minntes. The flnid proving bo powerful, one 
part was diluted with three of water, and drops were placid on 
the discs of five leaves; and these next morning were so much 
acted on that their blades were completely doubled over. We 
thiui see that a decoction of cabbage-leavea is nearly or quite as 
potent as an infnsion of raw meat. 

About tbo same quantity of chopped cablinge-leaves and of 
distilled water, as in the last experiment, were kept in n vessel 
for 20 hrs. in a hot closet, but not heated to near the boiling- 
point. Drops of this infusion were placed on four Icavex. One 
of these, after '23 hrs., was much inflected ; a second slightly ; a 
third had only the sabmarginal tentacles inflected; and tho 
Eonrth was not at all affected. The power of this infnsion is 
therefore very much leas than that of tlio decoction; and it is 
dear that the immersion of cabbage- leaves for an honr in water 
at the boiling temperature is much more efficient in citnieling 
matter which eicitcs Drosera than immersion during many 
hours in warm water. Ferbapa the contents of the cells ore 
l^otected (as Schiff remarks with respect to legumin) hy the 
vails being formed of cellalose, and that until these are rup- 
tured by boiling- water, but httle of tho contained albuminous 
matter is dissolved We know from tho strong odour of cooked 
cabbage-leaves that boiling w.iter produces some chemical 
change in them, and that thej arc thus rendered far more 
digestible and nutritious to man. It is therefore an interesting 



hcfore the heart in luruirai, buvu ^h'iulb i u |H.'r ■tliil. t'iilu^ -. 
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fact that water at this temporature extracts matter from them 
which eicites Droeera to an extraordinary degree. 

Grasses twntain far less sitrogonous matter than do peas oi 
cftbtiages. The leaves and stalks of three common kinds were 
chopped and boiled for some time in distilled water. Drops 
of this decoction (after having stood for 24 hrs,) were placed 
on six leaves, and acted in a rather peculiar manner, of wtiich 
other iiistaaces will bo given in the seventh chapter on the 
Raits of ammonia. After 2 hrs, 80 m. four of the leaves ha<l 
their blades greatl; inflected, but not their exterior tentacles ; 
and so it was with all six leaves after 24 hrs. Two days after- 
wards the blades, as well as the few submarginal tentacles which 
had been inflected, all re-expanded ; and much of the fluid on 
their discs was by this time absorlied. It appears that the de- 
coction strongly excites the glands on the disc, causing the blade 
to he quickly and greatly inflected; but that the stinmlufl, dif- 
ferontJy from wiiat occurs in ordinary cases, does not spread, or 
only in a feeble degree, to the exterior tentacles. 

I may here add that one part of the extract of belladonna 
(procured from a druggist) was dissolred in 437 of wat*r, and 
drops were placed on six leaves. Next day all six were some- 
what inflected, and after 48 hrs. were eomplelcly rc-exponded. 
It was not the ineiuded atropine which produced this effect, for 
I subsequently ascertained that it is quite powerless. I also 
procured some eitnuit of hyoseyamus from three shops, and 
made infusiona of the same strength as before. Of these threo 
infusions, only one acted on some of the leaves, which were 
tried. Though druggists beliovo that all the albmnen is pre- 
cipitated in the preparation of these drugs, I cannot doubt that 
some is occasionally retained ; and a trace would be sufficient 
to excite the more sensitiTe leaves of EroBero. 




CHAPTER VX 

Thi IhOBnTB Pcnm or thk Bkcbkiov or Dbcocri. 

Tbe locTetinn leadered acid bj the direct and indirect eiataaeat of 
tko glooda — Nature of the acid — Digestible ntataacea — Allw- 
niLii, it« digBstion Brrestcd by sikKliea, Tecommeneu by the nUi- 
ticin of aa ukl — Meat — Fibrin — Byntaaia — Areolu- timie — 
Cartilsge ^ Fibco-cartilage — Bone — Eiiunei vtd deatiae — I'hot- 
phate of lime — Kibroiu btuia of bone — Gelatine — Cbimdrin — 
MiHr , cuocin and cheeee — Gluten — Legnnun — FoUen — Globulin 
— Hoimatin — Indigestible rabBtoncea — EpidL-cmie productioiu — 
Fibfo-elaatio tiame — Mocin^ — Pepsin — Uita — Cbitine — Cello- 
Iciao — Oaa-«otbni — Cblorophyll — Fat and oil — Starcb — Aciion 
of tlie aocietion on living aeeda — Summaij and oonoludiDg 
temaika. 

As we have seen that nitrogenous fluids act Tcry 
differently on the leaves of Droaera from non-nitro- 
genous fluids, and as tbe leaves remain clapped fur a 
much longer time over various organic bodies than 
over inorganic bodiea, such as hits of glass, cinder, 
wood, &c., it becomes an interesting inquiry, whether 
they can only absorb matter alrea/Iy in solution, or 
render it soluble, — that ia, have the power of digestion. 
We shall immediately see that they certainly have this 
power, and that they act on albuminous compounds in 
exactly the same manner as does the gastric juice of 
m ftTT iniftla ; the digested matter being afterwards ab- 
sorbed. This fact, which will be clearly prove*!, is a 
wonderful one in the physiology of plants. I must 
here state that I have buen aided throughout all my 
later experiments by many valuable suggestions and 
assistance given mo with the greatest kindness by 
I)r. Burdon Sanderson. 
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It may be well to premise for the sake of any reader 
who knowa nothing about tho digestion of albtiminoua 
compounds by animals that this is effected by means 
of a ferment, pepsin, together with weak hydrochloric 
acid, though almost any acid will serve. Yet neither 
pepsin nor an acid by itself has any such power." 
We have seen that when the glands of the disc are 
excited by the contact of any object, especially of 
one containing nitrogenous matter, the outer ten- 
tacles and often the blade become inflected ; the leaf 
being thus converted into a temporary cup or sto- 
mach. At the same time tho discal glands secrete 
more copiously, and the secretion becomes acid. 
Jloreover, they transmit some influence to the glands 
of the exterior tentacles, causing them to pour forth 
a more copious secretion, which also becomes acid or 
more acid than it was before. 

As this result is an important one, I will give tho 
evidence. The secretion of many glands on thirty 
leaves, which had not been in any way excited, was 
tested with litmus pajicr ; and the secretion of twenty- 
two of these leaves did not in the least affect the colour, 
whereas that of eight caused an exceedingly feeble 
and sometimes doubtful tinge of red. Two other 
old leaves, however, which appeared to have been in- 
flected several times, acted much more decidedly on 
the paj>er. rarticles of clean glass were then placed 
on five of the leaves, cubes of albumen on six, and 
bits of raw meat on three, on none of which was tho 
secretion at this time in tho least acid. After an 
interval of 24 hrs., when almost all tho tentacles on 
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these fonrtoen leaves had become more or loss in- 
flected, I again tested tho secretion, selecting glands 
which had not as yet reached the centre or touched 
any object, and it was now plainly acid. Tho degree 
of acidity of the secretion varied somewhat on the 
glands of the same leaf. On some leaves, a few teii- 
tacles did not, from some unknown cause, become in- 
flected, OS often happens ; and in five instances their 
secretion was fonnd not to bo in tlie least acid ; 
whilst the secretion of the adjoining and inflected 
tentacles on tho same leaf was decidedly acid, Witli 
leaves excited by particles of glass placed on the 
central glands, tho secretion which collects on tho 
disc beneath them was much more strongly acid 
than that poured forth from tho exterior tentacles, 
which were as yet only moderately inflected. When 
bits of albumen (and this is naturally alkaline), or 
bits of meat were placed on the disc, tho secretion 
collected beneath them was likewise strongly acid. 
As raw meat moistened with water is slightly acid, I 
compared its action on litmus paper before it van 
placed on tho leaves, and afterwards when bathed in 
■ the secretion ; and there could not be the least doubt 
that the latter was very much more aciiL I have 
indeed tried hundreds of times the state of tho accre- 
tion on the discs of leaves which were inflected over 
various objects, and never failed to find it acid. We 
may, therefore, conclude that tho secretion from nn- 
excited leaves, though extremely viscid, is not acid or 
only slightly so, but that it becomes acid, or much 
more strongly so, after tho tentacles have begun to 
bend over any inorganic or organic object ; and stil! 
more strongly acid after the tentacles have rcniftine<l 
for some time closely clasped over any object, 

I may hero remind tlio rojulcr that tho secrctiun 



68 DIIOSERA ROTDNDIFOLIA. Chap. TL 

appeara to l)o to a certain extent antiseptic, as it 

checks the appearance of- mould and infusoria, thus 
preventing for a time the disculoration and decay of 
6ucli substances as the white of an egg, cheese, &c. 
It therefore acts like the gastric juice of the higher 
animals, which ia known to arrest putrefaction by 
destroying the microzymes. 



As I woB ft-nxi nna to Icnm <n'liiit ncid tha sccrotion containod, 
4-15 leavca were waahetl in distilled water, given mo by Prof. 
Frankland; bnt tho secretion is so viscid that it is scarcely 
jioRsiblo to Bcrapo or wash o£f tho whole. Tlie conditiona 
were also unfBTonrablo, as it was late in tho j'ear and tho 
leaves were Bmall. Prof. Frankland with great kindness midcr- 
took to test the ilnid thus collected. TlfQ leaves wore cxdted 
by clean partieloB of glass placed on tliom 2-t hrs. previonely. 
No donlit mncli more ncid would have been socretcd had the 
leaves been excited by animal matter, bnt this would have 
rendered tho analysis more difficult. Prof. Frankland infonnB 
me that the fluid containwl no trace of hydrochloric, Bulphnric, 
tartaric, oxalic, or formic acids. This having; been ascertained, 
thoromaindcrof the fluid waa evaporated nearly to dryness, and 
acidified with Riilphuric acid ; it then evolved volatile acid 
vaponr, which wits condensed and dif,'eBlcd with corlwunlo of 
silver. " The weight ot the. silver salt tlius prodncod was only 
■37 gr,, much too amnil a quantity for the accurate determina- 
tion of tho moloculor weight of tho acid. The number obtained, 
however, corresponded nearly with that of propionic ncid ; and 
I believe that tliis, or a misturo of acetic and butyric acids, wore 
proseut in the liquid. Tho acid doubtless belongs lo the acatio 
or fatty Bcrios." 

Prof. Frankland, as well as his assistant, observed (and this 
is an important fact) that the fluid, " when acidified with snl- 
pburie acid, emitted a powerful odour liko that of pepsin." 
Tho loaves from which tho secretion had licen washed were 
also sent to Prof. Frankland; they were macerated for some 
hours, then acidified with sulphuric acid and distilled, but no 
acid passed over. Tlieroforo the acid which fresh leaves con- 
tain, as shown by their discolouring litmus paper when crashed, 
must bo of a different nature from that present in tho Boci«tion. 
Nor was any odour of popein emitted by them. 
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Although it has long been known that pepsin with acctio 
Kid h&s the power of digesting albtumnooB compounds, 
it appeared advisable to ascertain whether acetic acid conld 
be replaced, without the loes of digcEtira ]wwer, b; tho 
allied acids which are believed to occur in the oecietion 
of Droeeia, namely, propionic, butyric, or valerianic. Dr. 
Bmdon Sanderson was so kind as to make for mo tho follow- 
ing experimenU, tho results of whioh aro valnablo, indepen- 
dently of the present inqniry. Prof. Fmnkland supplied the 

" 1. The pnrpoBe of the following eiperimenta was to deter- 
mine tho digestJTo activity of litinida containing peppin, when 
acidulated with certain volatilo acids belonging to the acetic 
aeries, in comparison with liinids acidulated with hydrochloric 
add, in proportion similar to that in which it csfsta in gastric 

jitic«. 

"2. It haa boon determined empirically that tho best results 
are obtained in artificial digestion when a hi^iiid containing two 
per thousand of hydrochloric acid gas by weight is used. This 
corresponds to about G'25 ctibic centimetres per litre of ordinary 
strong hydrochloric acid. The quantities of propionic, batyric, 
and valerianic acids respectively which aro required to noutrallso 
as much base bb 6'23 cubic centimetrca of IICI, are in grammes 
404 of propionic add, 482 of butyric acid, and 568 of valerianic 
acid. It was therefore judged cspediont, in comparing tho 
d^cetive powers of these acids with that of hydrochloric acid, to 
nee them in these proportions. 

"3. Five hundred cub. cent, of a liquid containing about 
8 cnb. cent, of a glycerine extract of tlie mucous membrane of 
thfl stomach of a dog killed during digestion having been pre- 
pared, 10 cub. cent of it were evaporated and dried at IW, 
This quantity yielded O'OOSl of residue. 

"4. Of this liquid four quantities wcro taken which wore 
Bcverally acidulated with hydrochloric, propionic, bntyrio, end 
valerianic acids, in tho proportions above indicated. Each 
liqnid was then placed in a tube, which was allowed to float in 
a water bath, containing a thermometer which indicated a 
temperature of 38° to 40° Cent Into each, a quantity of un- 
boiled fibrin was introduced, and the whole allowed to stand 
for four hours, tho temperature being maintained during tho 
whole time, and care bemg taken that each contained through- 
out an excess of fibrin. At the end of tho period each liquid 
was filtered. Of tho filtrate, wliich of courso contained as 
much of tho fibrin as had boon digested during tho four hours, 
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10 cub. cent, wore mcnsnred ont and evaporated, and dried at 
110° OS biiforo. Tho residues were rcspectivclj — 

" In Uio liquid contoiniiig hydrocUorie acid 04070 

„ „ propionic acid 00601 

butyric acid 01463 

„ „ valerianic acid 0-1254 

" Henco, dcdncting from each of thoaj tho alxwe-mentionod 
rcsidno, loft when the digestive liquid itself was evaporated, 
Tiz. 00031, wo have, 

" For propionic acid . . . . . . 0570 

„ butjric acid 0'1437 

„ valerianic acid . . . . . . 01223 

na compared with 0*4048 for hydrochloric acid; these severftl 
nnmbcra esprcBaJEg tho qnantitios of fibrin by weight digested 
in preKonco of equivalent quantities of tie resi>cetivo acids 
nnder identical conditions. 

" Tho reaulta of tho experiment may lie stated thus :— Tf 100 
represent the digeativo power of a liquid containing pepsin with 
tliQ usual proportion of hydrochloric acid, llO, 'S5-i, and 30*2, 
will roprcBent rospcctively tho digestive powers oE tho three 

" 5. In a second espcrimont in which tho proccdnro was in 
every respect tho eamo, cscopting that all the tubes wore 
plunged into the same water-bath, and tho residues dried At 
115" C, tho results were na follows :— 

" Quantity of fibrin dissolved in four hours by 10 cub. cent, 
of tho liquid — 

" Propionic ncid 0'0563 

Butyric acid 00835 

Valerianic acid O'OGlo 

" Tho quantity digested by a similar liquid contaiTiing 
hydrochloric acid waa 0'33TG. Ileneo, taking thia as 100, tho 
following nutobera represent tho relative quantities digostod 
by tho other acids : 

"Propionic acid 16-5 

Buiyricaeid 247 

Valerianic acid 16-1 

" 6. A tliird experimout of Ihe Kamo kind gave : 



" Quantity of fibrin digestod in four hoara Ly 10 cub. cent. 
of the liquid : 



rochloric acid 


.. 0^915 


ionic acid .. 


01490 


FTic acid 


0-1M4 


rianicadd .. 


.. 00520 



"CompannE, as before, tio tbroo last numbers witli tbo firet 
taken as 100, tho digestive power of propionic acid is repro- 
aanled by 168 ; that of butyric acid by 35*8; and that oi 
Taleiianic by IT'S. 

"The mean of these three stU of obeervaliona (liydrochioric 
DCid being token as 100) gives for 

" Propionic acid 15'8 

Butyric acid 320 

Valerianic acid .. ,. 21'4 

"7. A further oipcrimcnt was mado to aseorlain whothor tlio 
djgostivo activity of butyric acid (which was solccled as liciiig 
apparently the most efficacious) was rdltttiTely greater at ordinary 
temperatures tlum at tho tcm|)eraturo of the body. Jt woa 
found that whereas 10 cub. cent, of a liquid coutainiug tho ordi- 
nary proportion of hydrocliloric acid digested O'lSU EromiJio, 
a BimiJar liquid prepared with butyric acid digested OOlSo 
gramme of fibrin. 

" Hence, taking the quantities digested with hydrochloric acid 
at the temperatoro of tho body as 100, wo l»vo tho digeHlivo 
power of hydrochloric acid at tho tempc'raturo of 15" to Itf 
Omi represented by 4411; that of butyric acid at the Eanio 
lamporature being IS'G." 

Wo here sec that at the lower of theso two temperatures, 
hydrochloric acid with pepsin digests, within tlio some time, 
lather less than half the quantity of fibrin compared with 
what it digests at tbo higher temperature; and tho jjowor of 
butyric acid is reduced in 'tho ebioq proportion uuder Bitoilur 
conditions and temperatures. "We have also scon tliat bulyriu 
Bcid, which is much more efficacious than propionic or tuIo- 
rianic acids, digests with i)epaiu at the higher tempcraturo less 
than a third of tho fibrin which is digested at the saute tempera- 
ture by hydtochloho acid. 
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I will now givo in detail my experiments on tlie 
digestive power of tho secretion of Drosera, dividing 
the substances tried into two series, namely those 
which are digested more or leas completely, and thoso 
ivhich are not digested. Wo shall presently see that 
all these siihstances are acted on by tho gaatric juice 
of the higher animals in tho some maimer. I beg 
leave to call attention to the experunenta uuder tho 
head albumen, showing that tho secretion loses its 
power when neutralised by an alkali, aud recovers it 
when an acid is oilded. 

Substances which are comjileltli/ or 'partialJi/ digeited hi/ 
ilie Secretion of Vrosera. 
AU/UTnf.ii.—XiteT having tried various substances. 
Dr. Burdon Sanderson suggested to me tho use of cubes 
of coagulated albumen or hard-boiled egg. I may pre- 
mise that live cubes of tho same size as those used in 
tho fuUoiving experiments were placed for the sake of 
comparison at tho same time on ivet niosa close to tho 
plants of Drosera. Tho weather was hot, and after four 
days some of the cubes wero discoloured and mouldy, 
, with their angles a little rounded ; but they were not 
surrounded by a zone of transparent fluid as in tho 
case of those undergoing digestion. Other cubes 
retained their angles and white colour. After eight 
days all were somewhat reduced in size, discoloured, 
with their angles much rounded. Nevertheless in 
four out of tho five specimens, the central parts were 
still white and opaque. So that their state differed 
widely, as we shall see, from that of the cubes sub- 
jected to the action of the secretion. 
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kddjtioiial day the angles of tho cnlics were disBolved ond 
lannded;* bnt the cubes woio too largo, bo that tho leaves 
were injured, and after seven da;s one died and tho otheis 
were dfing. Albamca which has been kopt for fonr or five 
dofB, and which, it may be preeumed, has begun to docay 
eli^tly, eeema to act mora quiclcly than freshly boiled eggs. 
Aa the latter were generally used, I ofk-n moistened tbcm 
with a little Ealivn, to make tbo tentacles close more 
quickly. 

Experiment 2.— A cabe of ^ of an inch, (i.e. with each sido 
^ of An inch, oi 2'54 nun., in length) woa placed on a leaf, And 
alter 60 hn. it was converted into a ephero about ^ of on inch 
(1*905 mm.) in diameter, BUirotinded by perfectly transparent 
flnid. After ten days the leaf nheipandcd, but there was still 
left on the disc a minute bit of albumen new rendered trans- 
parent. More albumen bad been given to this leaf than could 
be dissolved or digested. 

Expcrimtnt 3.— Two cultes of albumen of jL of an jnch 
(1-27 mm.) were placed on two leaves. After 46 hia. every 
atom of one was dissolved, and most of the liquetied matter 
was aheorbed, the fluid which remained being in this, as in all 
otber casee, very acid and viscid. The other cube was acted 
on at a rather slower rate. 

Bxperivi^U 4. — Two cubes of albumen of tho Bamo eizo as 
tho last wero placed on two leaves, and were converted in 
SO hrs. into two large drops of transparent fluid; but when 
those wore removed from bencuth the inflected tentacles, and 
viewed by reflected light under tho microscope, flno streaks of 
white opaque matter could be seen in the one, aud truces <ff 
similar streaks in tho other. Tha drops were rcplact->d on tlio 
kavee, which re<-ipandod after 10 days; and new nothing 
was left except a very little transparent acid Quid. 

Experimmt 5.— TIUs eiperiment was slightly varied, so that 
the albumen might be more quickly exposed to tlio action of tho 
secretion. Two cubes, each of about ,V of an inch ( ■ C35 mm.), 
weie placed on tho same leaf, and two similar cubes on another 
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loaf. Those were examined after SI luu 30 tn.; aad all four 
wore found romided. After 46 lirs. tlio two culxss on tho oao 
loaf wero comiiletely liquefied, tho fluid being porfoctlj trans- 
parent; on ttio othor leaf some opogno white Etreaks could 
Btill ho Been in the midst of tho fluid. After 72 hrs. these 
ntrcaks disappeared, but there was etill a little -mcid fluid 
left on tho difK; wheroaa it was almost all absorbed on the 
first leaf. Both leaves were now beginning ki to-oxpand. 

The best and -almost solo test of the presence of 
some iferment analogous to pepsin in tho secretion 
appeared to bo to neutralise tho acid of tho secretion 
with an alkali, and to observe ivhcther tiio process 
of digestion ceased ; and then to add a little acid 
and observo whether the process recommenced. Thia 
was done, and, as we shall see, with success, bnt it 
was necosairy first to try two control experiments ; 
namely, whether the addition of minnte drops of 
water of tho same sizo as thoso of the dissolved 
alkalies to be iised would stop tho process of diges- 
tion ; and, secondly, whether minute drops of weak 
hydrochloric acid, of tho some strength and size aa 
hoso to be used, would injuro the leaves. Tho 
(0 following experiments were therefore tried : — 

Experi-meiit G. — Small cnbes of albumen were jmt on three 
ives, and minute drops of distilled water on the hood of a pin 
wore oddeil two or tlireo times daily. ThcBO did not in the 
least delay tho proecss; for, after 48 hrs., the eubca wore cran- 
pletely diEfiolvcd on nil three leavts. Ou tho third day tho 
leaves began to ro-cxpand, and on the fourth day all the fluid 
was absorbed. 

Exjierimetil 7.— Small cubes of albumen were put on two 
loavcB, and minute drops of hydrochloric acid, of the strength of 
one part to 437 of water, were added two or three times. Tliis 
did not in the least delay, but seemed rather to hasten, tho 
process of digestion ; for every trace of the albumen disappeared 
in 24 hts. 30 m. After tlireo daja tho leaves partially ro- 
ezpandcd, and by lliis time almost all the viscid fluid on their 
discs wan absorbed. It in almost euperdaous to state that 
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cabo8 of albumen of the fionio eizo oa tlioso abovo uecd, left foi 
aOTon daya in a little hydrochloric acid of tho abovo eticngth, 
retained all theii angles as perfect aa ever. 

jEipenment 8. — Cnbea of albnmen (of ^ of an inch, or 2-54 
miD-) were placed on Are Icdvob, and ciiuuto drops of a solu- 
titm of one part of carbonate of soda to 437 of water ^roro added 
at interrals to throe of them, and drops of carbonate of potash' 
of the same strength to the other two. Tho drops were given 
on tho bead of a rather largo pin, and I aECertoinod that 
each was equal to about -^ of a minim (-0059 ml.}, so that 
each contained only ^^ of a grain (0135 mg.) of the alkali. 
This vas not sufficient, for after 46 hts. all five cubes wero 
diasolTed. 

Experiment 9.— Tho last experiment was repealed on fonr 
leaTOB, with this di&eronco, that drops of tho same solution of 
carbonate of soda wore added rather oftcner, as often as tlio 
secretion became acid, so that it was much morci effectually 
nentmliaed. And now after M his. the angles of threo of 
the cubes were not in the least rounded, thoso of tho fourth 
being so in a very slight degree. Drops of extremely weak 
hydrooliloric acid (viz. one part to b47 of water) were then 
added, just enough to ncutraliso tho alkali which was still 
present; and now digestion immediately recommenced, so that 
after 23 hrs. 30 m. three of tho cubes were eomplotoly dis- 
solved, whilst tho fourth was converted into a minute sphere, 
surrounded by truniiparoot fluid; and this sphere next dny 
disappeared. 

Experiment 10. — Stronger solutions of carbonate of soda and 
of potaah were next used, viz. ono part to lOD of water; and as 
tbe nme^ized drops were given as before, each di'.ip contained 
y^ of a grain ("0539 mg.) of either salt Two cuIjos of albu- 
men (each about -^ of an inch, or '635 mm.) woro placed on tho 
eamo leaf, and twu on another. Each leaf received, as soon as 
tho secretion became sbghtly acid (and tliis occurred four times 
within 24 hrs.), drops either of tho soda or ]K)tash, and tho acid 
was thus effectually nentrallBcd. The cipcriuioiit now succeeded 
perfoct!y> for after 22 hra. tho angles of tho cubes were as sharp 
as they were at first, and we know from experiment 6 that such 
small cubes would have been completely rounded tvithin this 
time by the secretion in its natural state. Souio of tho fluid was 
DOW removed with blotting-paper from the discs of tho leaves, 
and minato drops ^f hydrochloric acid of the strength of ono 
part to 200 of water waa added. Acid of this prcalcr strength 
was used as the solutions of llie alka!ii:s were stronger. Tho 
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process of digestion now commenced, ho tLat within 48 lira, from 
Uio timo wheu tbe aoid was given tho four cul)efl were not only 
completely dissohcd, but miich of tho liquoficd albumen was ' 
absorbed. 

Experimunt 11. — Two cubes of albumen (^^j of an inch, or 
■OaS nun.) were placed on two leaves, and were treated with 
'alkalies as in tho lost experiment, and with tho some tosult; 
for after 22 lira, they hod their angles perfectly sharp, showing 
that tho digcativo process had been completely arretted. I then 
witihed to oscDrtam what would be the effect of neing stionger 
hydrochloric acid ; so I added minute drops of the strength of 
1 per cent. This proved rather too strong, for after ib hra. 
from the timo when tbe acid was added oiio cube woe etill 
almost perfect, and tho other only very slightly rounded, and 
Ixith were Btaincd slightly pink. This latter fiict sbows that tho 
leaves were injured,* for during tho normal process of digoBtion 
tho albumen is not thus coloured, and wo con thus understand 
wby tho cubes were not dissolved. 

From these espcrimenta wo clearly see that the 
secretion has tbe power of dissolving albnmen, and 
wo further sec that if an alkali is added, tihe process of 
digestion is stopped, but immediately recommences as 
soon OS the alkali ia neutralised by weak hydrochlorio 
acid. Even if I bad trietl no other experiments than 
these, they would have almost sufficed to prove that 
the gland? of Drosera secrete some ferment analo- 
gous to pepsin, which in presence of an acid gives 
to the secretion its jiower of dissolving albuminous 
eompoimds. 

Splinters of clean (^lass were scattered on a largo 
number of leaves, and these became moderately in- 
flected. They were ciit off and divided into three 
iota ; two of them, after being left for some time in 
a little distilled water, were strained, and some dis- 

* Sachs romnrkB ("TmiU do ngonts, aUow all thoii colouring 

Bnt; . 1H7+, p. 774), that cells niatUT lo *><caim into the sni^ 

wliicli aro killed lij freuniag, l>y roimiiing Water, 
too grtut huit, or by cliiiuical 
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culoured, viscid, slightly acid fluid was thus obtained. 
The third lot v>as weU eoaked in a few diofis of 
glycerine, whifh ia well known to dissolye jiepsiu. 
Cubes of albiuuen (Va of an incli/ were now placed 
in the three flaids in watch-glasses, some of which 
were kept for sereml days at aluot 9U' Fahr. 
( 32°'2 Cent.), anil otheia at the temporatnrc of my 
room; but none of the cnbes were dissolved, the 
angles remaining a^ sharp aa ever. This fact pitn 
Lably indicates that the ferment is not secreted until 
the glands are excited by the absorption of a minuto 
quantity of already soluble animal mattcr,^a con- 
clnsioQ which is supported by what we shall hereafter 
SCO with respect to Diontea. Dr. Hooker likewise found 
that, although the fluid within the pitchers of Ne- 
penthes possesses extraordinary power of digestion, yet 
when removed from the pitchers before they hare 
been excited and placed in a vessel, it has oo such 
power, although it is already acid ; and wo can 
acu>unt for this fact only on the supposition that tho 
proper ferment ia nut secreted until some exciting 
matter is absorbed. 

On three other occasions eight leaves were strongly 
excited with albumen moistened with saliva; they 
were then cut off, and. allowed to soak for several 
hours or for a whole day in a few drops of glycerine. 
Some of this extract was added to a little hydro- 
chloric acid of various strengths (generally one to 
400 of water), and minute cubes of albumen wero 
placed in tho mixtiire.' In two of these trials tho 
cubes were not in the least acted on ; but in the third 
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the experiment was successful. For in a Tessel con- 
taining two cubes, both were reduced in size in 3 hrs. ; 
and after 24 hrs. mere striBaks of undissolved albu- 
men wero left. In a second vessel, cuutaining two 
minute ragged bits of albumen, both were likewise 
reduced in sizo in 3 hrs., and after 24 hrs. completely- 
disappeared. I then added a littlo weak hydro- 
chloric acid to both vessels, and placed fresh cubes 
of albumen in them; but thcao wero not acted on. 
This latter fact is intelligible according to the high 
authority of SchilT," who has demonstrated, as ho 
believes, in ojiposilion to tho view held by some 
physiologists, that a certain small amount of pepsin 
is destroyed during tho act of digestion. So that if 
my solution contained, as is probable, an extremely 
small amount of tho ferment, this would have been 
consumed by tho dissolution of tho cubes of albumen 
first given ; none being left when tho hydrochloric 
acid was added. Tho dcstnictiou of the ferment 
during tho process of digestion, or its absorption after 
the albumen had been converted into a peptone, will 
also account for only one out of tho three latter seta 
of experiments having been successful. 

Digestion of Itoast Meat. — Cubes of about V? of ^Q 
inch {1"27 mm.) of moderately roasted meat were 
placed on five leaves which became in 12 hrs. closely 
inilectod. After 48 hrs. I gently opened one leaf, and 
the meat now consisted of a minute central sphere, 
partially digested and surrounded by a thick envelope 
of transparent viscid fluid. Tho whole, without being 
much disturbed, was removed and placed under tho 
microscope. In the central piirt the transverse striai 
on the muscular fibres were quite distinct ; and it was 
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interesting to obaerve how gradually they disappeared, 
when the same fibre was traced into the surrounding 
fluid. They disappeared by the Btrio} being replaced 
by transverse lines formed of excessively minute dark 
points, which towards the exterior could l>o seen only 
under a very high power ; and ultimately these points 
were lost. When I made theso obsen'ations, 1 had 
not read SchifTs account* of tho digestion of moat 
by gastric juice, and I did not understand the mean- 
ing of tho dark poiuts. But this is explained in tho 
following statement, and wo further sco how closely 
similar ifl the process of digestion by gaatrio juico and 
by the Becrotion of Drosera. 

"On a dit qno lo bqc gafitriqTio fnianit penbo h !a fibre muKeu- 
lairo sea striee transyersalcs. Ainsi unoncvo, cotto proposition 
pourrait doouei lien a nno Gqoivocino, cor coqui so pcnl, ce u'est 
que Viupeti exttrieur do la striature et non lus elomenta auato- 
miqtios qui la composcut. On suit quo les strius qui donncnt un 
aspect BJ caroctenstiqtio i, la fibre innsculaira, Bont lo rt'sultat An 
la jnxtapoaition et du parallolismo dea corpusculcs ^IC'monlairca, 
places, ft diatances 6galea, dans rintcrienr dcs fibrilloH conliguBs. 
Or, d^ quo lo tisau connectif qui rclio cntro cUes Ics fibrilles 
elemeataires vient h. Bo gonflcr ot & go diseondro, et qoe los 
fiteillefl elles-mtmea so dissocient, ce parollelismo est dolmit ot 
Bvec lui I'aapoct, 1e phuBomcne optiqno dos BtrioH. Si, apr6a la 
d^sagr^gation dca GbrcH, on cxamino au microscopo loa fibrillcB 
^Imentaires, on distingue encoro trea-nettoment ii Icur intirieur 
tcs corposcolcs, et on continue k les voir, do plua en pins p&lea, 
jnsqa'sn moment oil les fibrillea ollcs-mSmcs so liquelient ot dia- 
poraieeent dona 1e sue gaatriquo. Co qui consUtuo la strioture, 
& propremcnt parlor, n'est done pns dotruit, avant la lique- 
hction do la libio cbamuo ello-mSmc." 

In the viscid fluid surrounding tho central sphere of 
(mdigested meat there ivere globules of fat and little 
bits of fibroblastic tissue ; neither of wliiL'h ivere in 
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tlio iL'iist dii^csted. There wero also little free paral- 
lelograms of yellowish, highly translucent matter. 
Scliiff, in speaking of the (Hgestion of meat by gastrio 
juice, alludes to aucL parallelograms, and says : — 

" Lo E^nScmcnt par IcquclcommcDColadigestiondolaviiuido, 
iL-3iilto do I'actiou dn sue gastriquo acido em le Uasa comieciif 
qiii Be disEont d'abord, ct qni, lar sa liquefaction, duaagreBB los 
fibtillcs, CollOB-ci so dissolvent cnsnita en grando portie, mais, 
Bvimt de pnsscr h I'etat liqnide, ellos tendcnt a ed brisei en 
potitB bagmonts tnuiBTersanx. Les 'sarcoia demenU' de 
Bowman, qui no sont antra cboso que les ptoduitB do Mtte 
division tnutsvcnialo doa CliriUus tlemcntaircs, penvent 6tro 
prepares ot iaolus a I'aido du sue gastrique, ponrvu qu'on 
n'attend pas jusiiu'a la liquulaction comploto du musclo," 

After an interval of 72 hrs., from the time when 
the five cubes were placed on the leaves, I opened the 
four remaining ones. On two nothing could bo seen 
but little masses of transparent viscid fluid ; but 
when these were examined under a high power, 
fat-glohules, hits of fibro-elastic tissue, and some few 
parallelograms of sarcous matter, could be distin- 
guished, biit not a vostigo of transveise strife. On the 
other two leaves there were minute spheres of only 
partially digested mciit in tlio centre of much trans- 
parent fluid. 

Fibrin. — Bits of fibrin were left in water during 
four days, whilst the following experiments wero 
tried, but they were not in the least acted on. The 
fibrin which I first used was not pure, antl included 
dark particles : it had either not been well prepared 
or had subsequently undergone some change. Thin 
portions, about -^^ of an inch square, wero placed 
on several leaves, and though the fibrin was soon 
liquefied, the whole was never dissolved. Smaller 
particles were then placed on four leaves, and minuto 
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drops of hydrochloric acid (one part to 437 of 
water) were added ; this seemed to hastc-ii the process 
of digestion, for on one leaf all was liquefied and 
absorbed after 20 hrs, ; but on tlio three, other leaves 
Bome undissolved residue was left after 48 hrs. It 
is remarkable that in all the above and following 
experiments, as well as when much larger bits of 
fibrin were used, the leaves were very little excited ; 
and it was sometimes necessary to add a little saliva 
to indace complelo inflection. The leaves, moreover, 
began to re-expand after only 48 hrs., whereas they 
would have remained inflected for a mucli longer 
time hod insects, meat, cartilage, albumen, &e., been 
placed on them. 

I then tried some pure white fibrin, scut me by L>r. 
Burdon Sanderson, 

Exjierimmt 1.— Two particles, barely ^V of an inch (1-27 mm.) 
»]naro, were placed on opposite aiJes of tha ramo loaf. One of 
tbeee did not oscite tho Btitroimdiiig tentactox, and the gland 
on which it rest«d aopn drie(L The oilier particle cauGtMl a fuw 
of tho short adjoining tentacles to be inflected, the mora diatimt 
Olios not beii^ aSeclcd. A-ftur 24 lira, both wcro almost, and 
after 72 hrs. completely, dissolved. 

Exprrimtnt 2. — The same experiment with tho earao rcBoIt, 
mly one of tho two bits of lihrin exciting the short surronnd- 
ing tcntaolea. This bit was go eluwty actctl on that after a 
day I 'pnshed it on to aomo freah glands. In three days from 
the time when it was first placed on tho leaf it waa completely 
dissolved. 

Exptriment 3.— Bite of fibrin of about the same blzo as beforo 
were placed on the discs of two loaves ; these eoused very little 
inflection in 23 hrs., bnt after 48 hrs. both were weil clasped by 
the anrronnding short tentacles, and after an additional 24 firs. 
were completely dissolved. On tho disc of one of these leaves 
mnoh clear acid fluid was left. 

Experiment 4.— Similar bits of fibrin were placed on the discs 
of two leaves; as after 2 hrs. the glands seemed rather dry, . 
th^ were freely moiGtcncd with saliva; this soon caused 
strong inflection both of tho tontaclcs and blades, with copious 
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Bocrction from tho glamls. lu 18 hrs. Uiq fibria was com- 
pletely lifiuefieii,' but ondigueted fttoroa still floated in tho 
lit^uid ; tlicso, however, diBapiMurcd m uudor two additional 
daja. 

From these experiments it is clear that tho secre- 
tion completely dissolves pure fibrin. The rate of 
dissolution is rather slow; bat this depends merely 
on this substance not exciting the leaves sufficiently, 
so that only tho immediately adjoining tentacles are 
inflected, and the supply of secretion is small, 

8t/ntonin. — This substance,' extracted from muscle, 
was kindly prepared for mo by Dr. Moore. Very 
differently from fibrin, it acts quickly and energetic- 
ally. Small portions placed on the discs of threo 
leaves caused their tentacles and blades to bo strongly 
inflected within 8 hrs. ; but no further observations 
wero made. It is probably due to tho presence of 
this Bubstanco that raw meat is too powerful a stimu- 
lant, often injuring or oven killing the leaves. 

Areolar Tissue. — Small portions of this tissue from a 
sheep wero placed on tho discs of three leaves ; these 
became moderately well inflected in 24 brs., but began 
to re-expand after 48 hrs,, and were fully re-expanded 
in 72 hrs., always reckoning from the time when tho 
bits were first given. This substance, therefore, liko ' 
fibrin, excites tho leaves for only a short time. Tho 
residue left on the leaves, after they were fully re- 
expanded, was examined under a high power and 
found much altered, but, owing to tho presence of a 
quantity of elastic tissue, which is never a«ted on, 
could hardly bo said to be in a liquefied condition. 

Some areolar tissue free from elastic tissue was next 
procured from tho visceral cavity of a toad, and 
moderately sized, as well as very small, bits were 
placed on five leaves, Xilvi 24 hrs. two of the bits 
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were completely liquefied ; two others were rendered 
traneparent, bnt not quite liquefied; whilst the fifth 
was but little affected. Several glands on the three 
latter leaves were now moistened with a. little saliva, 
which soon caused much inflection and secretion, 
with the result that in the course of 12 additional 
hrs. one leaf alone showed a remnant of undigested 
tissue. On the discs of the four otlier leaves (to one 
of which a rather large bit had been given) nothing 
was left except some transparent viscid fluid. I may 
add that some of this tissue included points of black 
pigment, and these were not at all affected. As a 
control experiment, small portions of this tissue wero 
left in wat«r and on wet moss for the same length of 
time, and remained white and opaque. From tlicso 
facts it is clear that areolar tissue is easily and 
quickly digested by the secretion ; but that it doc3 
not greatly excite the leaves. 

Cartilage.— Three cubes (-jV of an inch or 1-27 mm,) 
of white, translucent, extremely tough cartilage were 
cut ftom the end of a slightly roasted leg-bone of a 
sheep. These wero placed on three loaves, homo by 
poor, small plants in my greenhouso during Novem- 
ber; and it seemed in the highest degree improbable 
that BO hard a substance would be digested under 
BQch unfavoarablo eircuinstances. Nevertheless, after 
48 hrs., the cubes were largely dissolved and con- 
verted into minuto spheres, surrounded by trans- 
parent, very acid fluid. Two of these spheres wore 
completely softened to their centres; whilst the tliinl 
still contained a very small irregularly shaped core 
of solid cartilage. Their surfaces were seen under 
the microscope to bo curiously marked by promiuent 
ridges, showing that the cartilage had been un- 
equally corroded by the secretion. I need hardly 
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Bay that cubes of the same cartilage, kept in wal 
for the same length of time, were not in the least 
affected. 

During a more fevoorable season, moderately sized 
bits of the skinned ear of a cat, which inclodea 
cartilage, areolar and elastic tissue, were placed on 
three leaves. Some of the glands were (onehed with 
saliva, which canaed prompt inflection. Two of the 
leaves began to re-expand after three days, and 
third on the fifth day. Tho fluid residue left 
theli discs was now examined, and consisted in 
case of perfectly transparent, viscid matter; in th) 
other two cases, it contained some elastic tissue 
apparently remnants of half digested areolar tissue. 

Fibro-cariilai/e (from between the vertebrae of the: 
tail of a sheep). Moderately sized and small bitK- 
(the latter about ^ of an inch) were placed on nino: 
leaves. Some of these were well and some very little 
inflected. In the latter case the bits were dragged 
over the dises, so that they were well bedaubed 
with tho secretion, and many glands thus irritated. 
All the leaves re-expanded after only two days , 
that they were but little excited by this snbstanoo.' 
The bits were not liqueficil, but were certiunly in 
altered condition, being swollen, much more 
parent, and so tender as to disintegrate very ea^n 
My son Francis prepared some artificial gastric jui. 
whieh was proved eCicient by quickly" dissob ' 
fibrm, and suspended portions of tho fibro-cartilf 
m It Those flweUed and became hyaline, exactly 
those exposed to the secretion of Drosera, but were 
not dm.lved. This result surprised me much, as 
two phy8.ologists were of opinion that fibro-cartUage 
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he reports that the two which had been Bnhjected to 
artificial gastric juico were " in that state of diges- 
tion in which we find connective tissue when treated 
with an acid, viz. swollen, more or IcsB hyaline, tho 
fibrillar bundles having become homogeneous and lost 
their fibrillar structme." In the specimens which had 
been left on the leaves of Drosera, until they rc- 
eipanded, "parts were altered, though only slightly 
80, in tho same manner as those subjected to the 
gastric juice, as they had become more transparent, 
almost hyaline, with the fibrillation of the bundles 
indistinct" Fibro-cartilage is therefore acted on in 
nearly the same manner by gastric juico and by the 
secretion of Drosera. 

Bone. — - Small smooth bits of tho dried hyoidal 
bone of a fowl moistened with saliva were placed on 
two leaves, and a similarly moistened splinter of an 
eitremely hard, broiled miitton-chop bono on a Ihird 
lea£ These leaves soon bccamo strongly inflected, 
and remained bo for an unusual length of time; 
namely, one leaf for ten and tho other two for nino 
days. The bits of bone were surrounded all tho time 
by acid secretion. When examined under a weak 
power, they were found quite softened, so that they 
were readily penetrated by a blunt needle, torn into 
, fibres, or compressed. Dr. Klein was so kind as to 
make sections of both bones and examine them. Ho 
informs me that both presented tlie normal appeamnco 
of decalcified bone, with traces of the earthy salts 
occasionally left. Tho corpuscles with their processes 
were very distinct in most parts ; but in some parts. 
especially near the periphery of the hyoidal bone, 
none could bo seen. Other parts again appeared 
amorphoos, with even the longitudinal striation of 
bone not distinguiahahle. This amorpUoua Btructure, 
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as Dr. Klein thinks, may be the result eitlier of tho 
incipient digestion of tbo fibrous basis or of all tbo 
animal matter having been remoTcd, the corpusclea 
being thus renJered invisible. A hard, brittle, yellow- 
ish substance occupied the position of tho medulla 
in the fragments of tho byoidal bono. 

Ah the angles and little projections of the fibrous 
basis were not in the least rounded or corroded, two of 
the bits were placed on fresh leaves. These by tbo 
next morning were closely inflected, and remained 
so, — the ono for sii and tho other for seven days, — 
therefore for not so long a time as on tho first occasion, 
but for a much longer time than ever occurs with 
leaves inflected over inorganic or even over many 
organic bodies, Tho secretion during tbo whole timo 
coloured litmus paper of a briglit red ; but this moy 
have been duo to tho presence of tbo acid super- 
phosphato of lime. When tho leaves re-expanded, tho 
angles and projections of tbo fibrous basis were as 
sharp as ever. I therefore concluded, falsely as wo 
■hall presently see, that the secretion cannot touch 
tbo fibrous basis of bone. Tho more probable expla- 
nation is that tho acid was all consumed in decom- 
posing tho phosiihato of lime whieh still remained; 
so that none was left in a free stote to act in con- 
junction with tho ferment on tbo fibrous basia. • 

Enamel and Dentine. — As tho secretion decalcified 
ordinary bone, I detennined to try whether it would 
uct on enamel and dentine, but did not expect that it 
would succeed with so bard a substance as enamel. 
Dr. Klein gave mo some thin transverse slices of 
the canine tooth of a dog ; small angular fragments 
of which were placed on four lottves ; and these were 
examined each succeeding day at the same hour. Tho 
results arc, I think, worth giving in detail. 
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Sxperiment 1.— May Ifit, fragment placed on leaf; 3rd, ten- 
fades bat little iuficctcd, so a tittlg iialiTa tub added ; Cth, ea 
tbe tentacles vera not Etront>tj inflected, the fragment was 
tnneferred to another leaf, which acted at first slowly, Imt hy 
the 9th closely embraced it On the 11th this second leaf 
began to re-expond; the fragment was manifcatly softened, and 
Dr. Elein reports, "a great deal of enamel and the greater 
part of the dentino decalcified." 

Experimmt 2. — May let, fragment placed on leaf; 2nd, teo- 
taolea fiiirly well inflected, with much secretion on the disc, and 
lemamed bo until the 7th, when tho leaf Tc-cipandcd. Ths 
fragment was now transferred to a fresh leaf, which next day 
(8th) was inflected in the strongest manner, and tlins remained 
until the 11th, when it rc-eipandod. Dr. Klein reports, "agrcat 
de«I of enamel and the greater part of the dentine decalcified." 

Exfcrimmt 3. — May lat, fragment moistened with saliva and 
placed on a leaf, which remained well inflected until litli, when 
it le-cxponded. The cnnmcl was not at nil, find the dentine 
only slightly, softened. Tlio fragment was now transferred to a 
fresh leaf, which next morning (Gth) was strongly inScctcd, and 
remained so until tho Ilth. Tho enaroel and deutino both now 
acmewhat softened; and Dr. Klein reports, " less than half the 
enamel, but tho greater part of tho dentine, decalcified." 

Experimtnt 4. — May 1st, a minute and thin bit of dentine, 
moistened with sahTa, was placed on a leaf, which was soon 
inflected, and ro-expandcd on tho 5th. The dentine had hccomo 
as Sexible as tliin paper. It was then transferred to a fresh leaf, 
which ncit morning (Cth) was strongly inflected, and reopened 
on the 10th. The decalcified dentine was now bo tender that it 
was lorn into shrcda merely by the force of tho re-cxpanding 
tentacles. 

From these experiments it appears that enamel in 
ftttactcd by tho secretion with more difficulty than 
dentine, as might have l)een expected from its ex- 
treme hardness ; and both with more difficulty than 
ordinary bone. After the process of dissolution has 
once commenced, it is carried on with greater case ; 
this may be iulerrod from the leaye9, to which tlio 
fragments were transferred, becoming in all four cases 
strongly inflected in the course of n single day ; whorcus 
the first set of leaves acted much less quickly and 
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energetically. The angles or projections of the fibrous 
basis of the enamel and dentine (except, perhaps, in 
No. 4, which could not be well observed) were not in 
the least rounded ; and Dr. Klein remarks that their 
microscopical structure was not altered. But this 
could not liavo been expected, as the decalcification 
was not complete in the three specimens which were 
carefully examined. 

Fihrou3 Basis of Bone. — I at first concluded, as 
already stated, that the secretion could not digest thia 
substance, i therefore asked Dr. IJurdon Sanderson 
to try bone, enamel, and dentine, in artificial gastric 
jnice, and ho found that they were after n, considerable 
time completely dissolved. Dr. Klein examined some 
of tlie small lamellaB, into which part of the skull of a 
cat became broken up after about a week's immersion 
in the fluid, and he found that towards the edges the 
" matrix appeared rariflcd, thus producing the appear- 
ance as if tho canalicnli of the bone-corpnsclcs had 
become larger. Otherwise the corpuscles and their 
canalicnli were very distinct." So that with bono 
Bubjccted to artificial gastric juico complete do- 
calciScation precedes the dissolution of tho fibrous 
basis. Dr. Burdon Sanderson suggested to me that 
tho failure of Drosera to digest tho fibrous basis of 
bono, enamel, and dentine, might bo duo to the acid 
being consumed in tho decomposition of tho earthy 
salts, 80 that there was none left for the work of 
digestion. Accordingly, my sou thoroughly decal- 
cified the bone of a sheep with weak hydrochloric 
acid ; and seven minute fragments of tho fibrons 
basis wore placed on so many leaves, four of tlie 
fragments being first damped with saliva to aid 
prompt inflection. All seven leaves became inflected, 
but only very moderately, in (he course of a day. 



They quickly began to rc-espand ; five of them on 
the second day, and the other two on the third day. 
On all seven leaves the fibrous tis3ue was converted 
into perfectly transparent, viscid, more or less lique- 
fied little masses. In the middle, however, ^f one, 
my son saw imder a high power a few corpUHcles, 
with traces of fibrillation in the surrounding trans- 
parent matter. From these facta it is clear that the 
leaves are very little excited by the fibrous basis of 
bone, but that the secretion easily and quickly lique- 
fies it, if thoroughly decalcified. The glands which 
had remained in contact for two or three days with 
the viscid masses were not discolourcil, and appa-. 
rently had absorbed littlo of tho liquefied tissue, 
or had been little affected by it. 

Phosphate of Lime. — As wo have seen that the ten- 
tacles of tho first set of loaves remained elns£)ed for 
nine or ten days over minute fragments of bone, and 
the tentacles of tho second set for six or seven days 
over the same fragments, I was led to suppose that 
it was the phosphate of lime, and not any included 
animal matter, which caused such long continued in- 
flection. It is at least certain from what has just been 
shown that this cannot have been due to the presence 
of the fibrous basis. With enamel and dentine 
(the former of which contains only 4 per cent, of 
organic matter) the tentacles of two successive seta 
of leaves remained infiectefl altogether for eleven 
days. In order to test my belief in the potency of 
phosphate of lime, I procured some from Prof. Frank- 
land absolutely free of animal matter and of any acid. 
A small quantity moistened with water was placed 
on the discs of two leaves. One of these was only 
slightly affected ; tho other remained closely inflected 
for ten days, when a few of the tentacles began to 
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re-expand, tlie rest being mucli injured or killed. I 
repeated the experiment, bat moiatened the phosphate 
with saliva to insure prompt inflection ; one leaf re- 
mained inflected for six days (the little saliva used 
would not have acted for nearly ho long a time) and 
then died; the other leaf tried to re-expand on the 
Hixth day, but after nine days failed to do so, and 
likewise died. Although the quantity of phosphato 
given to the above four leaves woa extremely small, 
much was left in every case undissolved. A larger 
quantity wetted with water was next placed on tho 
discs of three leaves ; and these became moat strongly 
.inflected in the course of 24 hrs. They never re- 
expanded ; on tho fourth day they looked sickly, 
and on tho sixth were almost dead. Largo drops 
of not very viscid fluid hung from their edges during 
tho six days. This fluid was tested each day with 
litmus paper, hut never coloured it; and thia cir- 
cumstanco I do not understand, as the superphoaphato 
of lime is acid. I suppose that some superphosphato 
must have been formed by tho acid of tho secretion 
acting ou the phosphate, but that it was all absorbed 
and injured tho leaves ; ihe largo drops which hung 
from their edges being an abnormal and dropsical 
secretion. Anyhow, it is manifest that the phos- 
I'hate of lime is a most powerful stimulant. Even 
small doses are more or less poisonous, probably on 
tho same principle that raw meat and other nutri- 
tious Bubstanctrs, given in excess, kill the leaves, 
Ilenco tho conclnaion, that tho long continued in- 
flection of the tentacles over fragments of bone, 
enamel, and dentine, is caused by the presence of 
phosphato of lime, and not of any included animal 
matter, is no doubt correct. 

Odaline. — I used pure gflatine in thin sheets given 
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me by Prof. Hoffmann. For comparison, sqiitirea of 
the same aize as those placed on the leaves were left 
close by on wet moas. These soon swelled, but re- 
tained their angles for three days; after five days 
they formed rounded, softened mftasea, hut even on tho 
eighth day a trace of gelatine could still be detected. 
Other 'squarea were immersed in water, and those, 
thongh much swollen, retained their angles fur six 
days. Squares of -^ of an inch ( 254 mm.), just 
moistened with wat«r, were placed on two leaves ; anil 
after two or three days nothing was left on them but 
some acid viscid fluid, which in this and other cases 
never showed any tendency to regelatinise ; so that 
the secretion must act on the gelatine differently 
to what water does, and apparently in tho same 
manner as gastric juice.* Foflr squnres of the samo 
size as before were then soaked for tliree days in water, 
and placed on largo leaves ; the gelatine was liquefied 
Bod rendered acid in two days, but did not excite 
much infection. Tho leaves began to re-expand after 
fonr or five days, much viscid fluid Ijcing left on their 
discs, as if but little had been absorbed. One of these 
leaves, as soon as it re-expanded, caught a small fly, 
and after 24 hrs. was closely inflected, showing how 
much more potent than gelatine is the animal matter 
absorbed from an insect. Some larger pieces of gela- 
tine, soaked for five days in water, were next placed 
on three leaves, hut thcso did not become much in- 
flected until tho third day ; nor was the gelatine 
completely liquefied until the fourth day. On this 
day ono leaf began to re-expand ; the second on the 
■ fifth ; and third on the sixth. These several fftets 

* Dr, Laudor Bninlnii, ' ILind- plija. du la Digcatlan,* ISGT, p> 
book for the Pby«. Lul«imtorv,' 24y 
1873,pp. *77,4»7 ; BcJiiff, < Uv'ns 
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prove that gelatine is far from acting energetically 
on Drosera. 

In tlie last cbapter it was sliown that a solution of 
isio gloss of com m ore 0, as thick as milk or cieam, 
induces strong inflection. I therefore wished to com- 
pare its action with that of pure gelatine. Splutions 
of one part of both substances to 218 of water were 
made; and half-minim drops (■0296 ml.) were placed 
on the discs of eight leaves, so that each receivefl 
.rrs of a grain, or '135 mg. The four with the isin- 
glass were much more strongly inflected than the 
other four, I conclude therefore that isinglaaa con- 
tains' some, though perhaps very little, soluble albu- 
minous matter, Aa soon as these eight loaves re- 
espandcd, thpy were given bits of roast meat, and in 
some hours all became greatly inflected; again show- 
ing how much more meat excites Drosera than does 
gelatine or isinglass. This is an interesting fact, as 
it is 'well known that gulatino by itself has little 
power of nourishing animals." 

Chondrin. — This was sent me by Dr. Moore in a 
gelatinous state. Some was slowly driud, and a small 
chip was placed on a leaf, and a much larger chip on 
a second leaf. The first was liiiuclled in a day; the 
larger piece was much swollen and softeneJ, but was 
not completely li(inefied until the tliird day. Tho 
undried jelly was next tried, and as a control experi- 
ment small cubes were left in water for fonr days 
and retained their angles. Cubos of the samo size 
were placed on two leaves, and larger cubes on two 
other leaves. The tentacles and lamium of the latter 
were closely inflected after 22 hrs., but those of the 

* Dr. Lauder Bruntan gives viuw nf tlio indirect part which 
in tho ' Medical Bccord,' Jnnunry gL'iiitiuu jiIiiyB in uutntiun. 
1873, p. 3U, an ncoouat of Voit's 



two leaves with the smaller cubes only to a moderate 
degree. The jelly on all four was by this time lique- 
fied, and rendered very acid. The glands were 
blackened from the aggregation of their protoplasmic 
contents. In 46 hre. from the time when the jelly 
was given, the leaves had almost re-expanded, and 
completely so aftei 70 hrs. ; and now only a little 
slightly adhesive Quid was left unabsorbcd on their 
discs. 

One part of chondrin jelly was dissolved in 218 
ports of boiling water, and half-minim drops were 
given to four leaves ; so that each received about ^-J-u 
of a grain ('135 mg.) of the jelly ; and, of course, 
much less of dry chondrin. This acted most power- 
fttUy, for after only 3 hrs, 30 m. all four leaves were 
strongly inflected. Three of them began to re- 
expand after 24 hrs., and in 48 hra. were completely 
open ; bat the fourth had only partially re-expanded. 
All the liquefied chondrin was by this time absorbed. 
Hence a solution of chondrin seems to act far more 
quickly and energetically than pure gelatine or isin- 
glass; but I am assured by good authorities that it 
is most difiScult, or imijossihle, to know whether 
chondrin is pure, and if it contained any albumi- 
nous compound, this would have produced the above 
effects. Nevertheless, I have thought these facts worth 
giving, as there is bo much doubt on the nutritious 
value of gelatine ; and Dr. Lauder Brunton does not 
know of any experiments with respect to animals on 
the relative value of gelatine and chondrin. 

Milk. — We have seen in the last chapter that milk 
acts most powerfully on the leaves ; but whether this 
is due to the contained casein or albumen, I know not. 
Xlather large drops of milk excite so much socretirjn 
(which b very acid) that it sometimes trickles down 
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from the leaves, and this is likewise cliaracteristic of 
chemically prepared caseio. Minute drops of milk, 
placed on leaves, were coagulated in about ten 
minutes, Schifl' denies" that the coagulation of milk 
hy gastric juice is exclusively due to the acid which 
is present, Lut attributes it in part to the pepsin; 
and it seems doubtful whether with Droscra the 
coagulation can be wholly due to the acid, as the 
secretion does not commonly colour litmus paper 
until the tentacles have become well inflected ; 
whereas the coagulation commences, as we have seen, 
in about ten minutes. Minute drops of skimmed 
milk were placed on the discs of five leaves; and a 
large proportion of the coagulated matter or curd 
was dissolved in 6 hrs. and still more completely 
in 8 hrs. These leaves re-expanded after two days, 
and the viscid fluid left on their discs was then care- 
fully scraped off and examined. It seemed at first 
sight as if all the casein had not been dissolved, for 
a little matter was left which appeared of a. whitish 
colour by reHected light. But this matter, when 
examined under a high power, and when comparefl 
with a minute drop of skimmed milk coagulated by 
acetic acid, was seen to consist exclusively of oil- 
globules, more or less aggregated together, nith no 
trace of casein. As I was not familiar with the 
microscopical appearance of milk, I asked Dr. Lauder 
lirunton to examine the slides, and ho tested the 
globules with ether, and found that they were dis- 
solved. We may, therefore, conclude that the secretion 
quickly dissolves casein, in the state in which it exists 
in milk. 

Chemically Prepared C7uaem.— Tliis substance, nhtcli 

• 'Ltiititia,' Af. tiiin. ii [i. 151. 
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is insoluble in water, is supposed Ly many cliemisU to 
differ from the casein of fresh milk. I procured some, 
coosiirting of hard globules, from Messrs. Hopkins anil 
Williams, and tried many experiments with it. Small 
particles and the powder, both in a dry state and 
moistened with water, caused the leaves on which they 
were placed to be inflected very slowly, generally not 
tmtil two days had elapsed. Other particles, wetted 
with weak hydrochloric acid (one part to 437 of 
water) acted in a single day, as did some casein 
freshly prepared for me by Dr. Moore. The ten- 
tacles commonly remained inflected fur from seven 
to nine days; and during the whole of thi» time the 
secretion was strongly acid. Even on the eleventh 
day some secretion left on the disc of a fully re- 
expanded leaf was strongly acid. The acid seems 
to be secreted quickly, for in one ease the seero- 
tioQ from the discal glands, on which a little 
powdered casein had been strewed, ctiloured litmus 
paper, before any of the exterior tentacles were 
inflected. 

Small cubes of hard casein, moistened with water, 
were placed on two leaves ; after three days one cubo 
had its angles a little rounded, and after seven days 
both consisted of rounded softened masses, in the 
midst of much viscid and acid secretion ; but it must 
not be inferred from this foet that tho angles were 
dissolved, for cubes immersed in water were similarly 
acted on. After nine days these leaves began to re- 
expand, but in this and other c^ea tho casein did not 
appear, as far as conid he judged by the eye, much, if 
at all, reduced in bulk. According to Hoppe-Seyler 
and Lubavin* casein consists of an albuminous, with 

• Di. LauJut Itniutuii, ' lliiiiJl«iok Tor I'liys. Lul..' p. 52'J. 
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a non-albuminous, substance ; and the absorption of a 
very small quantity of tho former would excite the 
leaves, and yet not decrease the casein to a percep- 
tible degree. Schiff asserts* — and this is an impc)rt- 
ant fact for us — that "la caseine purilieo des chimistes 
est un corps presque completement iuattaquable par 
lo BUG gastrique." So that hero wo have another 
point of accordance between the secretion of Drosera 
and gastric juice, as both act so differently on the 
fresh casein of milk, and on that prepared by 
chemists. 

A few trials were made with cheese ; cubes of -J^ of 
an inch (1-27 mm.) were placed on four leaves, and 
these after one or two days became well inflected, 
their glands pouring forth much acid secretion. 
After five days they began to rc-espand, but one 
died, and some of the glands on the other leaves were 
injured. Judging by tht; eye, the softened and sub- 
sided masses of cheese, left on tho discs, were very 
little or not at all reduced in bulk. We may, how- 
ever, infer from the time during which the tentacles 
remained inflected, — from the changed colour of some 
of the glands,— .and from the injury done to others, 
that matter had been absorbed from the cheese. 

Legumin. — I did not procure this substance in a 
separate state ; but there can hardly be a doubt that 
it would be easily digested, judging from the powerful 
effect produced by drops of a decoction of green 
peas, as described in tho last chapter. Thin slices of 
a dried pea, after being soaked in water, were placed 
on two leaves ; these became somewhat inflected in 
the course of a single hour, and most strongly so in 
21 hrs. They re-expanded after tliree or four dayU 

• 'I.ei;niie,'&c.tom. ii. p. l.iH. 
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The slices were not liquefied, for the walla of the cells, 
composed of celliilosc, are not in the least acted on 
by the seorctioD. 

Pollen. — A little freah pollen from the common pea 
iraa placed on the discs of five leaves, which soon 
became closely Inflected, and remained so for two or 
three daya, 

The grains being then removed, and examined under 
the microscope, were found discoloured, with the oil- 
globules remarkably aggregated. Many had their 
contents much shrunk, and some were ahnost empty. 
In only a few cases were the pollen-tubes emitted. 
There conld be no doubt that the secretion bad 
penetrated the outer coats of the grains, and had 
partially digested their contents. So it must bo 
with the gastric juice of the insects which feed on 
pollen, without masticating it.* Drosera in a state of 
nature cannot lail to profit to a certain extent by thia 
power of digesting pollen, as innumerable grains from 
the carices, grasses, rumiccs, fir-trees, and other wind- 
fertilised plants, which commonly grow in tho same 
neighbourhood, will be inevitably caught by the viscid 
secretion surrounding the many glanda. 

Gluten. — Thia substance ia composed of two albu- 
minoids, one soluble, the other insoluble in alcubul.t 
Some was prepared by merely washing wheaten tlonr 
in water, A provisional trial was made with rather 
large pieces placed on two leaves ; these, after 21 hrs., 
wore closely inflected, and remained so for four days, 
when one was kille<l and tho other had its glanrls 
extremely blackened, but was not afterwards observed. 



• Mr. A, W. Bennett rnnnd tho Hort. Boa. of London," 

ntidiK<»t«d coals of lliu gmins in ia74, p. 1 5S. 
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Smaller bits were placed on two leaves ; these were 
only slightly inflpctcil in two days, Lut aflenvarda 
became much more so. Their secretion waa not so 
strongly acid as that of leaves excited by casein. 
The bits of gluten, after lying for three days on the 
leaves, were more transparent than other bits left for 
the same time in water. After seven days both leaves 
re-espanded, but the gluten seemed hardly at all 
reduced in bulk. The glands which had been in 
contact with it were estreiiiely black. Slill smaller 
bits of half putrid gluten were now tried on two 
leaves; these were well inflected in 24 hrs., and 
thoroughly in four days, the glands in contact being 
much blackened. Aitcr five days one leaf began to 
re-expand, and after eight days both were fully ro- 
esjMinded, some gluten being still left on their discs. 
Four little chips of dried gluten, just dipped in 
water, were next tried, and these acted rather dif- 
ferently from fresh gluten. One leaf waa almost 
fully re-expanded in three days, and the other three 
leaves in four days. The chips were greatly softened, 
almost liquefied, but not nearly all dissolved. The 
glands which had been in contact with them, instead 
of being much blatikened, were of a very pale colour, 
and many of them were evidently killed. 

In not one of these ten eases was the whole of the 
gluten dissolved, even when very small bits were 
given. I therefore asked Dr. Burdon Sanderson to 
try gluten in artificial digestive fluid of pepsin with 
hydrochloric acid ; and this dissolved the whole. 
The gluten, however, was acted on much more slowly 
than fibrin ; the proiwrtion dissolved within four 
hours being as 40-8 of gluten to 100 of fibrin. 
Gluten was also tried in two other digestive fluids, 
in which liydrochloric acid was replaced by propionic 
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and butyric acids, and it was completely dissolve*! by 
these fluids at tlie ordinary temporature of a room. 
Here, then, at laat, we have a case in which it appears 
that there exists an essential differonco in digestive 
power between the secretion of Drosera and gastric 
juice; the difference being confined to the ferment, 
for, as we have just seen, pepsin in combination with 
acids of the acetic series acts perfectly on gluten. 
1 believe that the explanation lies simply in the fact 
tbiit ginten is too powerful a stimuhint {like raw 
meat, or phosphate of lime, or even too large a piece 
of albumen), and that it injures or kills the glands 
before they have had time to pour forth a suflicicnt 
snpply of the proper secretion. . That some matter is 
absorbed from the gluten, we have clear evidence in 
the length of time during which the tentacles remain 
inflected, and in the greatly changed colour of the 
glands. 

At the suggestion of Pr. Sanderson, some gluten 
was left for 15 hrs, in weak hydrochloric acid ('02 per 
cent.), in order to remove the starch. It became 
colourless, more transparent, and swollen. Small 
jwrtiona were washed and placed on five leaves, which 
were Boon closely inflecteil, but to my surprise re- 
ezpanded completely in 48 hrs. A mere vestige of 
gluten was left on two of the leaves, and not a vestige 
on the other three. The viscid and acid secretion, 
which remained on the discs of the three latter 
leaves, was scraped off and examined by my son 
under a high power ; but nothing could bo seen 
eicept a little dirt, and a good many starch grains 
which had not been dissolved by the hydrochloric 
acid. Some of the glands were rather pale. We ■ 
thus leam that gluten, treated with weak hydro- 
chloric acid, is not so powerful or so enduring a 
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Btimulant as fresh gluten, and does not much injure 
the gliinda ; and wc further learn that it can be di- 
{^ested quickly and completely by the secretion. 

Otiibulin or Cryftallin. — This Bulstonce was kindly prepared 
for me from the lens of the ejo bj Dr. Moore, and consislcd of 
hnrd, colourlesE, trBnsjMirGDt fragments. It is said* that glolinlin 
ouKht to " swell up in water and dissolve, for the most part 
forming a gummy liquid;" but this did not occur with the above 
fragmcnls, though kept in water for four days. Particles, some 
moistened with water, others with weak hydrochloric acid, 
others soaked in water for one or two days, were placed on 
nineteen leaves. Most of these leaves, especially those with the 
long Ronkod particles, became strongly inflected in a few honm 
The greater number re-eipanded after three or four days ; hut 
throe of the leaves remained inflected during one, two, or three 
additional days. Hence some eiiciling matter must have )>ocn 
alisorbed; but the fri^menta, though perhaps softened in a 
greater degree than those kept for the same time in water, 
retained all their angles as shnrp as ever. As globulin is an 
albuminous substance, I was nstoiiiahcd at thk resnll ; and Jof 
object being to compare the action of the secretion with, that ot 
gastric juice, I asked Dr. Unrdoii Sanderson lo try some of the 
globulin used by mo. He repiirts that " it was subjected to a 
liquid containing Oii per cent of hydrochloric acid, and about 
1 per cent of glycerine extract of the stomach of a dog. It was 
then OBcertuiued that this liquid was capable of digesting 131 
of its weight of unlwiled fibrin in 1 hr. ; whereas, during the 
hour, only 0'141 of the abovo globulin was dissolved. In both 
cases an excess of the substance to be digested was subjected to 
the liqiud."t We thus see that witliin the same time loss than 
ono-aiuth by weight of globnlin than of fibrin was dissolved ; 
ntid bearing in mind that pepsin with acids of the acetic series 
has only alnut one-third of the digestive power of pepsin with 
hydrochloric acid, it is not BUtpriHiug that the fragments of 
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globalin were not corroded or rounded b; the eecTetion of 
iJnJsera, tbougb some soluble matter was certainly extracted 
from them and absorbed b; the glaDds. 

Uainalin, — Some dark red granules, prepared from bullock's 
blood, were given me; these were found by Dr. Sanderson to 
bo insoluble in water, acids, and alcohol, bo that they were [iro- 
bablj hsematin, together with other bodies derived from the 
biood. Particles with little drops of water were pliiceii on 
four leaves, three of which were "pretty closely inflected in two 
dsysi the fourth only moderately so. On the third day the 
glands in contact with the hromatin were blackened, and some 
of tbe tentacles seemed injured. After five days two leaves 
died, and the third flas dying ; the fourth was beginning to re- 
cipAud, but many of its glands were blackened and injured. 
It is therefore clear that matter Iiad been alisorU^d which was 
cither actnaJly poisonous or of too stimubting a nature. The 
particles were much more softened than thoRO ko{)t for the same 
time in water, but, judging by the eye, very little reduced in 
balk. Dr. Sanderson tried this substance with artificial digestive 
fluid, in the manner descrilMid under globulin, and foiuid that 
whilst 1-31 of fibrin, o^^y 0"456 of the hiemalia was dissolved 
in an hour; but the dissolution by the secretion of even a less 
amoiint would accot&t for its action on Droacra. The residue 
left by the artifieia! digcGtivo Suid at first yielded nothing more 
to it during several succeeding days. 

Svhktances which are not Digested hij the Secretion. 
All tlie suLstances hitlicrto mcntiomid cause pro- 
longed inflection of the tentacles, and are either com- 
plett^ly or at least partially dissolved by the secretion. 
But tliero are many other auljstiLnce3, Bomo of them 
containing nitrogen, which are not in the least acted 
on by the secretion, and do nut iuduec inflection fur a 
longer time than do inorganic and insoluble objects. 
These unexciting and indigestible substances arc, as 
far as I have observed, epidermic productions (siirh 
as bits of human nails, balls of hair, the quills of 
feathers), fibro-elastic tissue, mucin, pepsin, urea, 
chitiue, chlorophyll, cellulose, gun-cotton, tiit, oil, and 
starch. 
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To these may be ad<lcd dissolved sugar and gmn, 
diluted alcoliol, and vegetable infusions flot eontuiniug 
albumen, for none of tijese, aa Bbown in the lost 
chapter, excite inflection. Now, it is a remarkable 
fiict, which affords additional and important evidence, 
that the ferment of Drosera is closely similar to or 
identical with pepsin, that none of these same sub- 
stances arc, as fur as it is known, digested by the gas- 
tric juice of animals, though some of them are acted 
on by the other secretions of the alimentary canal. 
Nothing more need be said about some of the above 
enumerated substances, excepting that they were re- 
peatedly tried on the leaves of Drosera, and were Dot 
in the least affected by the secretion. About the 
others it will be advisable to give my experiments. 

Fihro^hstic Tissue.— V!e have already seen thnt whon littla 
cubes of tncat, &c., were placed on lcavce,*the niiisclee, ateolar 
tisane, and c«rtilage were complcklj- dissolvL-d, but the filiro-' 
ola!5tio tissue, even tbe most delicate threiida, were left without 
tiiti luist signs of liHTJng Imcn attacked. And it is well known 
that tliis tiEsuo cannot be diguited by the gastric jnice of 
aoinialB.* 

JUu.nii. — Aa tliia Bubstanco contftins about 7 per cent, of 
nitrogen, I expected that it would hoTe excited ttie leaves 
greatly nod Ixjen digcsttd by the Becrction, Imt in this I 
was mistaken, rrnm what i» Btatcd in chemical warka, it 
appears eitremcly doubtful whether mucin can be prepared u 
a pure principle. That which I used (prepared by Dr. Moore) 
was dry and hard. Particles moistened wltli water were placed 
on four leavcsi but after two days there was only a trace of 
inflection in the immediately adjoining tentacles. These leaves 
were then tried with bits of moot, and all four soon liecame 
strongly inHected. Some of the dried mucin was then soaked 
in water for two days, ami httle cubes of the proper size 
were placed on three leaves. After four days the tentacles 
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niand Uie margins of the discs were a liltle icflectal, and 
the Becretion collected on the disc was acid, but tlio eilerior 
tentsclea were not affected. One leaf began to re-expand on the 
foarth day, and all were fully re-eipanded on the sixth. The 
^ands which had been in contact with the ninciD wcr« a little 
darkened. We may therefore conclude that a email amonnt of 
Boine impurity of a moderately exciting nature had been 
ah«orbed. That the mucin employed by nie did contain bouiq 
Eolnbte matter wa« proved by Dr, Sanderson, who on subjecting 
it to artificial gastric juic« found that in 1 hr. some was dig- 
aolved, but only in the proportion of 23 to 100 of fibrin during 
the same time. The cubes, thongh perhaps rather eofter than 
those left in water for the same time, retained their angles oa 
sharp as ercr. Wo may therefore infer that the mucin itself 
was not disEolred or digested. Nor ia it digested by the 
gBfitric juice of living animals, and according to Schiff" it ie a 
layer of this subBtanco which protects the coats of tlio atoffloch 
from being corroded during digestion. 

Peptin. — My expcrimenia are hardly worth giviiip, as it is 
scarcely possible to prepare pepsin free from other albuminoida ; 
bnt I was curious to ascertain, as far aa tluit was possible, 
whether the ferment of the secretion of Drosora would act on 
the ferment of the gastric juice of animals, I lirst used the 
cumiDon pcpaiu sold for medicinal purposes, and afterwards 
some which was much pnrer, prepared for mo by Br. Moore. 
Five leaves to which a conBiderabio quantity of the former was 
given remained inflected for Ave days; four of them then died, 
apparently from too great stimulation. I then tried Pr. Moore's 
pepnin, making it into a paste with water, and placing such 
email particles on the discs of fire leaves that all would have 
been quickly dissolved had it been meat or albunion. The 
leaves were soon inflected; two of them Ijegan to ro-eiiiond 
after only 20 lira., and the other three were almost conipleleiy 
re-expanded after 4-1 hrs. Some of the glands whicji bad been 
in contact with the particles of pepsin, or with the acid sccre- 
Bon Borrounding them, were singulnrly piilo, whereas others 
were singularly dark-coloured. Some of the secretion was 
icnpedoff and examined under a high power ; and it utiuiiDdcd 
with granules nndistinguishable from those of pe^Min left in 
water for tlie same length of time. We may therefore infer, 
as highly ])rii!iab!o (remembering what small quantities were 
given), that the ferment of Drosera dues not act on or digest 
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pepBin, but absorbs from it Borao BlbnminonB impwrity which 
inducee inflection, nnd wliich in Itirgo quautity ie highly 
injurious. Dr. Laudtr Bninton at my request endeavoured to 
ascertain whether popaja with hydrochloric acid would digest 
pepsin, and as Tar as he could Judge, it had no such power. 
Gastric juice, thciofore, apparently agrees iu thia respect with 
the secretion of Drosura. 

Urea. — It Boemed to me an interesting inqniry whether this 
refuse of iho living body, which contains much nitrogen, 
would, like so many other animal fluids and sabstances, be 
absorbed by the glands of Drosera and cause inflection. Half- 
nnnim drops of a solution of one part to 437 of water were 
placed on the discs of four leaves, each drop containing the 
quontity usually employed by me, namely -j-Jj^ of a grain, or 
■0<i7-l nig. ; but the leaves were hardly at all affectfd. They 
were then tested with hits of moat, and soon became closely 
inflected. J repeated the same eri>erimeat on four leaves 
with some fresh urea prepared by Dr. Moore ; after two days 
there was no iuflectiou ; 1 theu gare tlicm another dose, but 
still there was no inflection. These leaves wore afterwords 
tested with similarly sized drops of an infuBiou of raw meat, 
and in 6 brs. there was considerable iufiection, which becamo 
excessive in 24 hrs. But the urea apparently was not quite 
pure, for when four leaves were immersed in 2 dr. (7'1 ml.) of 
the solution, so that all the glands, instead of merely those on 
the disc, were enabled to absorb any small amount of impurity 
in solution, thero was oiusi durable inSection after 21 hrs., 
certainly more than would have followed from a similar im- 
meraiou in puro water. That the urea, which was not per- 
fectly white, should have contained a BulHcicnt quantity of 
albuminous niattur, or of some salt of ammonia, to have caused 
the aluTe eScet, is far from surprising, for, as wo shall see 
iu thd next chapter, astoniRhingly small doses of ammonia 
are highly efficient. We may therefore couclude that urea itself 
is not exciting or nutritious to Drosera ; nor is it modiSed by 
the Eccrolion, so na to l>o rendered nutritious, for, had this been 
the case, all the leaves witli drops on their discs assuredly 
would have been well iuneded. Dr. Lauder Bninton infonns 
me that from experiments made at my request at St. Bartho- 
lomew's Hospital it appears that urea is not acted on by 
BTtifieial gastric Juice, that is by pepsin with hydrochloric acid. 

Chitine. — The chitinous coats of insects naturally captured by 
the Icares do not appear in the least corroded. Small wiuare 
pieces of the delicate wing and of the elytron of a Staphylinos 
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were placed on Bome learcs, and after thote hod Tc-ez)Huidei), 
tbe pieoee were carefully einminRd. Tlicir angles were as 
shup as ever, and tbe; did not differ in nppeariiDr« from tbo 
uUier wing and eljtroD of the Eumc iDscct which had been left 
in water. The elytron, however, Imd evidently yielded sonifl 
natritious matter, for the leaf remained clasped over it for fonr 
dayn; whereas the leaves with hits of the tme wing re-eipanded 
on the second day. An; one who will examine the excrement 
of insect-eating animals will see how powerless their gastiio 
joioe is on cliitine. 

CtBuiote. — I did not obtain this Bubstance in a separate slalo, 
but tried angaiar bits of dry wood, cork, sphagnum raobs, hnen, 
and cotlun thread. None of these bodies were in the least 
attacked by the secretion, and they caused only that moderate 
amount of inBection which is common to all inor^ituiic olgects. 
Gun-cotton, which contdsts of celluloRO, with the hydrogen 
replaced by nitrogen, was tried with the same result. We have 
Been that a decoction of cabbage-leaves excites the most power- 
ful infection. I therefore placed two little Bquare bits of the 
blade of a cabbage-leaf, and four little cubes cut from the 
midrib, on six leaves of Drosera. These became well inllected 
in 13 his., and remained so for between two and fnur days; 
the Hts of cabbage being tallied all the time by acid secre- 
tion. This shows that some exciting matter, to which I shall 
presently refer, had been absorbed; but the angles of tbo 
squares and cubes remained as sharp as ever, proving that the 
framework of cellulose liod not been atlacttcd. Small square 
bits of epinach-leaves were tried with the sasie result; the 
glands pouring forth a moderate supply of acid secretion, 
and the tentacles remaining inS'icted for three days. Ws have 
niao aeen that the dehcate coatd of pollen grains are not dissolved 
by the secretion. It is well known tliat the gastric juice of 
animals does not attack cellulose. 

Chlorop/ii/ll, — This sulwtance was tried, as it contains nitroEcii. 
Dr. Moore sent me some preserved in alcohol; it was dried, but 
soon deliquesced. Particles were placed on four loaves; after 
3 hrs. tbe secretion was ocid ; after 8 hrs. there was a good dual 
of inflection, which in 2i hrs. became fairly well marked. After 
four days two of the leaves began to open, and the other two 
were then almost fully ro-eipanded. It is therefore clear that 
this chlorophyll contained matter which excited the leaves to a 
moderate degree ; but judging by the eye, Uttlo or none was dis- 
solved ; so that in a pure state it would not probably have been 
attacked by the secretion. Dr. Sandorson tried that which I 
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tised, as well bb some freshly prepared, with artificial digcRtiTe 
liquid, and fonnd that it whs not digested. Dr. Lauder Brunlon 
likewise tried Bomo prepared hj the proceBs given in the British 
Pliarroacopceia, and exposed it for five days at the temperature 
of 37° Cent to dJgcHtiTe liquid, but it was not diminished in 
bulk, though the fluid acquired a slightly brown colour. It was 
also tried with the glycerine estract of i^ncreas with a negative 
result. Nor does chlorophyll seem affeeled by the intestinal 
secretions of Tarioua animals, judging by the colour of their 
eicrement. 

It must not be supposed from these fiictg that the grains of 
chlorophyll, as they exist in liring plants, cannot be atlatkcd by 
the secretion ; for these grains consist of protoplasm merely 
coloured by chlorophjll. My son Fi-ancis placfd a thin slice of 
spinach leaf, moistened with seliva, on a leaf of Droscrti, and 
other slices on damp cotton-wool, all exposed to tlie same 
temporaturo. After 19 hrs. the slice on the leaf of Drosera was 
bathed in much secretion from the inflected tentacles, and was 
now examined under the microscope. No perfect grains of 
chlorophyll could bo distinguished ; some were shrnnken, of a 
yello wish-green colour, and collected in the middie of the cells; 
others were disintegrated and formed a yoUowish mass, likewise 
in the uiiUiilc of tlie colls. On the other hand, iu the slices 
Bui-roiiiiil' i I'. ■! ii ;■ i 'Mi^ii-wool. the grains of chlorophyll were 
green ;ii i i : . mt. My son also placed some slices 

in arliii: .■,:■■. ■ , .ni^l thcBe were acted on in nearly the 
Bttioe nKtmi'.i .L- ii,\ 1.1. ._ >tji;retion. Wo have seen that bits of 
fre-sh cabUit^c and ^jiinach leaves cause the tentacles to be in- 
flccleil and the glandx to pour forth much acid Eccretion; and 
there can be little doubt tliat it is the jirotoplasm forming tlio 
grains of chlorophyll, as well as that lining the walls of the 
cells, which eicites the leaves. 

J^'ul iind 03.~-Caho!i of almost pure uncooked fnt, placed on 
oeverol leaves, did not have their angles in the least rounded. 
We have also seen that the oil-globnles in milk are not digested. 
Nor docs olive oil dro|iped ou the discs of leaves cause any 
inflection ; but when they are immersed in olive oil, they bccomo 
strongly inflected; but to this subject I shall have to recur. 
Oily substaneos arc not digested by the gastric juice of animals. 

Starch. — Itnther largo bits of dry starch canscd well-markeil 
inflection, and the leaves did not re-expand until the fourth 
day ; but 1 have no doubt that this was due to the prolonged 
irritation of the gland.'4, as the starch e6ntinued to absorb the 
secretion. The ]>articles were not Ju the least reduced in size; 



utd we know that learcs imincisod in an emuUton of slarch 
■re not »t all affucted. I need' hiirdl; euy tlmt stuivli is ui^t 
digeated by the gostrio jaice of animala. 

Action of the Secretion on Living Seeda. 

The Tcsnlts of eomo ezpeiimeate on living scudH, eolected by 
hftzsrd, may here be givan, though they bear only indirectly on 
our ptesent anbject of digostjoii. 

8efisn cabbage seeds of the prerions year wore plaeed on the 
ume number of leaves. Some of these leaves were moderately, 
bat the greater number only slightly iii9cc;ted, and most of 
them re-eipanded on the third day. One, howcYtr, remaiULil 
clasped till the fourth, and anutlier till the fifth day. These 
kavea thsrcfore were excited somewhat more by tlio sotde than 
by inorganic objects of the same size. After they re-ci|)aiided, 
the aeuda were placed under fiLVouraule conditions on dump 
nnd; other seeds of the same lot being tried at the same time 
in the Game manner, and found to germinate well. Of the eovon 
■eeda which had been exposed to the secretion, only three ger- 
minated; and one of the three seedlings soon perished, thu tip 
<£ its radicle being bom the first decayed, and the edges of 
its cotyledons of a dork brown colour; so that altogether five 
oat of the seven seeds ultimately perished. 

Badish seeds (ifup'uiiitii fativu>) of the previous year were 
placed on three leaves, which became nioderateiy inflcoled, and 
ie-«xpanded on the third or fonrth day. Two of these seeds 
wore transferred to damp sand; only one germiualed, and [hat 
»ery slowly. This seedling had an eitremcly short, cruokLJ, 
diseased, mdicte, with no absorbent hairs; and tho cotylwlons 
were oddly mottled with purple, with the edges blaokened and 
partly withered. 

Cress seeds {Lepi-litm tativim) of the previous year woro 
placed on four leaves ; two of these next morning were mode- 
istely and two strongly inflected, and remained so for four, 
five, and even six days. Soon after these seeds wore placed on 
the leaves and hod become damp, thoy secreted in the nftnal 
manner a layer of tenacious mueus; and to ascertain whether 
it was the absorption of this substance by the glands whicli 
nosed so much inflection, two seeds woro put into water, niid 
u much of the muciiH as ix)ssible scraped off. They were then 
placed on leaves, which l>ccame very strongly inflected in the 
comse ot 3 hrs., and were still cloncly inflected on the third 
day ; so that it ovidently woa not tho mucus which excited bo 
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much inflection ; on the contrary, this served fo a certain extent 
OS a protection to the Eeeda. Two of the sii eecds germinated 
wliilAt Btill lying on tho Icavos, but the seedlings, nhen trans- 
ferred to damp Baud, eoou died ; of the other four seeds, only one 
germinated. 

Two seeds of mustard {Sinapis nii/ra), two of celery (Apium 
graveolena}—'both of the previous year, two seeds well soaked of 
caraway {Canim rarui), and two of wheat, did not eicila the 
leavoa more than inorfninic objects often do. Five seeds, hardly 
ripo, of a huttercup (Itanunculus), and two fresh seeds of Ane- 
jnone nemoros-i, induced only a little more effect On the other 
hand, four seeds, perhaps not quite ripe, of Citrn rylmtiai caused 
the leaves on which tliey were placed to be very strongly in- 
flootfd; and these only began to re-ei]jand on tho third day, 
one remaining infiected for seven days. 

It follows from these few facts tJiat different kinds of seeds 
eicito tho leaves in Tery different degrees ; whether this is 
solely due to tlio nature of their eoats is not clear. Iii tlie case 
of the cross seeds, the partial removal of tho layer of mucus 
hastened tho inflection oE the tentacles. Wiienevcr tho leaves 
remain inflected during several days over seeds, it is clear that 
they ahsorb some matter from them. That the secretion pene- 
trates their coats is also evident from the large proportion of 
eubhaRo, raddish, anH cress seeds which were killed, and from 
several of the seedlings being greatly injured. This injury to 
tho seeds and seedlings may, however, be due solely to the acid 
of tho eecretion, and not to any process of digestion ; for Mr. 
Traheme Moggridgo has shown that very weak acids of the 
ncotie series ate highly injurious to seeds. It never occurred 
to mo to ol'fHjrvD whether BOCfis are often Mown on to tho viscid 
leaves of plants growing in a stAto of nature; but this can 
liardly fail Romelimcs to occur, as wo shall hereafter Boa in tho 
case of Pingnicula. If so, Drosern will profit to a shght dcgrco 
by absorbing matter from such seeds. 



Siimmarrj and Condudiiuj Bemarks on. the Digestive 
Power of Droscra. 

When tho glands on the disc are excited either 
by the absorption of nitroguiiotis matter or by 
mechanical irritation, their secretion increases in 
quantity and bceomea acid. They likewise transmit 
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some influence to the glands of tlie esteriof ten- 
laclca, causing them to secrete more copiously ; ami 
their secretion likewise becomes acid. With ani- 
mals, according to Schiff,* mechanical irritation ex- 
cites the glands of the stomach to secrete an acid, 
but not pepsin. Now, I have every reason to be- 
lieve (though the fact is not fully established), that 
although the glands of Droaera aro continually secret- 
ing Tiscid fluid to rephice that lost by evaporation, 
yet they do not secrete the ferment proper for di- 
gesUoD when mechanically irritated, but only after 
absorbing certain matter, probably of a nitrogenous 
natore. I infer that this is the case, as the secretion 
from a large number of leaves which had been 
irritated by particles of glass placed on their discs 
did not digest albumen; and more especially from 
the analogy of Dionrea and Nepenthes, In like 
manner, the glands of t)ie stomach of animals secrete 
pepsin, as Schiff asserts, only after they have ab- 
sorbed certain soluble substances, which he desig- 
nates as peptogenos. There is, therefore, a remarkable 
parallelism between the glands of Droaera and those 
of the stomach in the secretion of their proper acid 
and ferment. 

The secretion, as we have seen, completely dissolves 
albumen, muscle, fibrin, areolar tissue, cartilage, the 
fibrous basis of bone, gelatin, chondrin, casein in the 
state in which it exists in milk, and gluten which has 
been subjected to weak hj'droehloric acid. Pj-ntonin 
and legumin excite the leaves so powerfully and 
quickly that there can hardly bo a doubt that both 
would be dissolved by the secretion. The secretion 

• 'Pbj-a. do la Digestion,' 18C7, torn. Li. pr- 188, 215. 
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fitileJ to digest fresh glut-cn, apparently from its 
iiijuriiig the glunda, though some was absorbed. Itaw 
meat, unless in very small bita, aud large pieces of 
albumen, &c., likewise injure the leaves, whiyh seem 
to suffer, like animals, from a surfeit. I know not 
whether the analogy is a real one, but it is worth 
notice that a decoction of cabbage leaves is far moro 
exciting and probably nutritious to Drosera than an 
infusion mada with tepid water ; and boiled cabbages 
are far more nutritious, at least to man, than the un- 
cooked leaves. The most striking of all the cases, 
though not really more remarkable than many othera, 
is the digestion of so hard and tough a- substance as 
cartilage. The dissolution of pure phosphate of lime, 
of bone, dentine, and especially enamel, aeema won- 
derful ; but it depends merely on the long-continued 
secretion of an acid ; and this is secreteti for a longer 
time under these ci re um stances than under any others. 
It was interesting to observe that as long as the acid 
was consumed in dissolving the phosphate of lime, no 
true digestion occurred ; but that as soon as tho bone 
waa completely decalcified, the fibrous basis was at- 
tacked and liq\iefied with the greatest ease. Tho 
twelve subsf-anees above euumerafcd, which are com- 
pletely dissolved by the secretion, are likewise dis- 
solved by the gastric juice of the higher animals; 
and they are acted on in the same manner, as shown 
by tho rounding of the angles of albumen, and more 
especially by the manner in which the transverse strife 
of the fibres of muscle disappear. 

The secretion of Drosera and gastric juice were 
both able to dissolve some element or impurity out of 
the globulin and hnimatin employed by me. The 
secretion also dissolved something out of chemically 
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prepared casein, which is aaid to consist of two siib- 
Btances ; and although Schiff asserts that casein in 
this state is not attacked by gastric juice, he might 
easily havo overlooked a minute quantity of some 
albuminous matter, which Drosera wouW detect and 
absorb. Again, fibro-curtilage, though not properly 
dissolved, is acted on in the same manner, both by 
the secretion of Drosera and gastric juice. But this 
subatance, as well as the so-called hrematin used by 
me, ought perhaps to have been classed with indi- 
gestible substances. 

That gastric juice acts by means of its ferment, 
pepsin, solely in the presence of an acid, is well 
established ; and we have excellent evidence that a 
ferment is present in the secretion of Drosera, which 
likewise acts only in tho presence of an acid ; for we 
have seen that when the secretion is neutralised by 
minute drops of the solution of an alkali, the diges- 
tion of albumen ia completely stopped, and that on 
the addition of a minute dose of hydrochloric acid it 
immediately recommences. 

The nine following substances, or classes of sub-_ 
stances, namely, epidermic productions, fihro-ehuitic 
tissue, mucin, pepsin, urea, ehitine, cciluhjse, gun- 
cotton, chlorophyll, starch, fat and oil, arc not acted 
on by the secretion of Drosera ; nor are they, iis far as 
is known, by the gastric juice of animals. Some 
soluble matter, however, was extracted from the mucin, 
pepsin, and chlorophyll, used by mo, both by tho 
secretion and by artificial gastric juice, 

The several substances, which are completely dis- 
solved by the secretion, and which are afterwards 
absorbed by the glands, affect tho leaves rather dif- 
ferently. They induce inflection at very different 
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rates and in very different degrees ; and the ten- 
tucles remain inflected for very different periods of 
time. Quick inflection depends partly on the quan- 
tity of tho substance given, so that many glands are 
simultaneously aflected, partly on the facility with 
which it is penetrated and liquefied by the secretion, 
partly on its nature, but chiefly on the presence of 
exciting matter already in solution. Thus saliva, or 
a weak solution of raw meat, acts much more quickly 
than even a strong solution of gelatine. So again 
leaves which have re-expanded, after absorbing drops 
of a solution of pure gelatine or isinglass (the latter 
being the more powerful of the two), if given bite 
of meat, ore inflected much more energetically and 
quickly than they were before, notwithstanding that 
some rest is generally requisite between two acta 
of inflection. Vv'e probably see tho ijifluence of tex- 
ture in gelatine and globulin when softened by 
having been soaked in water acting more quickly 
than when merely wetted. It may be partly due to 
changed texture, and partly to changed chemical 
. nature, that albumen, which lias been kept for some 
time, and gluten which baa been subjected to weak 
hydrochloric acid, net more quickly than these sub- 
stances in their fresh state. 

Tho length of time during which the tentacles re- 
main inflected largely depends on the quantity of the 
substance given, partly on tho facility with which it is 
penetrated or acted on by the secretion, and partly 
on its essential nature. The tentacles always remain 
inflected much longer over large bits or largo drops 
than over small bits or drops. Texture probably 
plays a part in determining the extraordinary length 
of time during which tho tentacles remain inflected 
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over the hard' grains of chemically prepared casein. 
But tiie tentacles remain inflected for an equally long 
time over finely powJerod, precipitated phosphate of 
lime ; phosphorus in this latter case evidently being 
the attraction, and animal matter in the case of casein. 
The leaves remain long inflected over insects, but it is 
doubtful how far this is due to the protection afforded 
by their chitinons integuments ; for animal matter is 
soon extracted from insects (probably by exosmose from 
their bodies into the dense smrounding secretion), 
as shown by the prompt inflection of the leaves. Wo 
see the influence of the nature of different substances 
in bita of meat, albumen, and fresh gluten acting very 
differently from equal-sized bits of gelatine, areolar 
tissue, and the fibrous basis of bone. The former 
cause not only far more prompt arid energetic, but 
more prolonged, inflection than do the latter. Henco 
wfl are, I think, justified in believing that gelatine, 
areolar tissue, and the fibrous basis of bone, would bo 
far less nutritious to Drosera than such substances 
as insects, meat, albumen, &c. Tliis is an interest- 
ing conclusion, as it is known that gelatine affords 
but little nutriment to animals ; and so, probably, 
would areolar tissue and the fibrous basis of bone. 
The chondrin which I used acted more powerfully 
than gelatine, but then I do not know that it was 
}Ture. It ia a more remarkable fact that fibrin, which 
belongs to the great class of Proteids,* including 
albumen in one of its sub-groups, does not excite 
the tentacles in a greater degree, or keep them in- 
flected for a longer time, than does gelatine, or 
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areolar tissue, or the fibrous basis of bone. It is not 
known how long an animal would survive if fi,-J on 
fibrin alone, but Dr. .Sanderson has no doubt longer 
than on gelatine, and it would be hardly rash to pre- 
dict, judging from the effects on Droaera, that albu- 
men would be found more nutritions than fibrin. 
Globulin likewise belongs to the Proteids, forming 
another sub-group, and this substance, though con- 
taining some matter which excited Drosera rather 
strongly, was hardly attacked by the secretion, and 
was Tcry little or very slowly attacked by gastric 
juice. How fat globulin would be nutritious t« ani- 
mals is not known. We thus see how differently tho 
above specified several digestible substances act on 
Drosera ; and we may infer, as highly probable, that 
they would in like manner be nutritious in very dif- 
ferent degrees both t« Drosera and to animals. 

The glands of Drosera absorb matter from living 
seeds, which are injured or killed by the secretion. 
They likewise absorb matter from pollen, and from 
fresh leaves ; and this is notoriously the case with 
the stomachs of vegetable-feeding animals. Drosera 
is properly an insectivorous plant; but as pollen 
cannot fail to be often blown on to the glands, as 
will occasionally the seeds and leaves of surrounding 
plants, Drosera is, to a certain extent, a vegetable- 
fee<lor. 

Finally, the experiments recorded in this chapter 
show us that there is a remarkable accordance in tho 
power of digestion between the gastric juice of ani- 
mals with its pepsin and hyilrochloric acid and the 
secretion of Drosera with its ferment and acid belong- 
ing to the acetic series. We can, therefore, hardly 
doubt that the ferment in both cases is closely s" 
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if not identically the same. That a plant and an 
•nimol should pour forth the some, or nearly the some, 
enmplox aecretion, adapted for the same purpose of- 
digestion, is a new and wonderful fact in phyaiology. 
But I shall have to recnr to this subject in the 
1 fifttenth chapttT) in my ooncluJiug remarks on the 



|3>> 



'roseraceiB. 



DC08EBA HOTIJNDIFOLIA. 



CnAI'TER VII. 

The Effects or Salts or Auuonia. 

Manuer of pcrfonning the cipFrimcntB — Actino of distillEd vatel in 
CDDipariaon with the Bolutiooa — Carbonate of ammonia, abiiDrbed 
by the rnota — The vftpour fthsorbed by the glanilH ^ Drops on tho 
dies — Minute drops applied to separate gUada — Luavoa im- 
iiicrscil in weuk solutions — MiDutenesa of thednees which induoe 
a^^ogiitiou of tbe protoplaam — Nitmto of ammonia, Hnalogmis 
oxpcTiraonta willi — Phosphate of aramonia, analof^uB eiperiments 
BJtb — OlliiT ealta of ammonia — Suramarj and concluding r«- 
inarks on tho action of the salts of oi 



The chief object in this chapter is to show how power- 
fully the salts of ammonia act on the leaves of Droaera, 
and more especially to show what an extmordinaiily 
small quantity suffices to excite inflection. I ghall, 
therefore, bo compelled to enter into full details. 
Doubly distilled water was always used ; and for tho 
more delicate experiments, water which had been 
prepared with the utmost possible care was given 
me by Professor Frankland. The graduated measures 
were tested, and found an accurate as such measurea 
can bo. The salts were carefully weighed, and in all 
the more delicate experiments, by Borda's double 
method. But extreme accuracy would have been 
superfluous, as the leaves differ greatly in irritability, 
according to age, condition, and constitution. Even 
the tentjicles on tho same leaf differ in irritability 
to a marked degree. My experiments were tried in 
the following several ways. 

Fimthj. — Drops which wero ascertained hy repented triala to 
I« on ttn ttvotiige almat half a minim, or the ^J;, of a fluid oimce 
(■02yC ml.), were placed by tho same pointed iDHtrument on tbe 
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discs of the loavos, and tbe inflection of the exterior rowH of 
(entaclM observed at successiyo intervals of time. It was lirKt 
ascertained, from between thirty and forty trials, that distilled 
wattiT dropped in this manner produces no efleot, except thnt 
Bometimee, thongh rarely, two or three tentacles become in- 
flected. In fact all the many trials with Eolutions which were 
so weak as to produce no effect lead to the Eame reeult that 
mter is inefGcient. 

Stamdtg.—Tlhc head of a small pin, fixed into a handle, was 
dipped into the eolntion under trial. The Email drop which 
(dbered to it, and which waa much too email to rail off, won 
nntionsly placed, by the aid of a lens, in contact witli the secre- 
tion surrounding the glands of one, two, three, or four of the 
exterior tentacles of the same leaf. Great care was taken that 
the glands themselves should not bo touched. I had supposed 
that the drops were of nearly the same size ; hut on trial this 
proved a great mistake. I first measured eome water, and re- 
moval 301) drops, touchiug the pin's head each time on blottin);- 
papor ; and on again measuring Uie water, a drop was found to 
equal on an average about the ^ of a minim. Some walor in a 
nnmll vessel was weighed (and this is a more accurate method), 
and 300 drops removed as before ; and on again weighing the 
water, a drop was foand to equal on an average only the -^ 
of a. minim. I repeated the operation, but endeavoured this 
lime, by taking the pin's bend out of the water obliquely and 
rather quickly, to remove as largo drops as possible; and 
the result showed that I had eacceeded, for each drop on an 
tveroge equalled j^r^ of a minim. I repeated the operation in 
exactly the same manner, and now the drops averaged jj., of a 
minim. Bearing in mind that on these two latter occasions 
Hpecial pains were taken to remove as Urge drops as possible, 
ve may safely conclude that the drops used in my experiments 
were at least eqnol to the :^ol n minim, or "0039 ml. One of 
theae drops could be applied to three or even four glands, and 
if the tentacles became inSectcd, some of the solution must 
Uve been alisorbcd by all; for drops of pure water, opplicd 
in the some manner, never produced any effect. I was able to 
hold the drop in steady contact with the secretion only for ten 
to Gfteen seconds ; anid this was not time enough for the diffu- 
aon of all the salt in solution, aa was evident, from three or 
four tentacles treated successively with the same drop, often 
twcoming inflected. All the mati«r in solution was even then 
pnbably nut exhaneted. 
ThtnUy, — Leaves were cut off and immersed ii 
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quantity of the Eolation ander trial ; the same number of leaTea 
being immurscd at the Bame time, in tlio same quantity of the 
distilled water which hod been used in making the solutioD. 
Tbe lefLTea in the two lots were compared at Bhort intervals 
of time, up to 2i hrs,, and fiomefimee to 48 hre. They were 
immen<od by buing laid as gently as possible in uumbetied 
watch-glasses, and tliirtj minima (1775 ml.) of the Bolntion 
or of water was poured oTKr each. 

Some Bolutions, for inetance tbnt of corlyinate of ammonia, 
quickly discolour the glands; and aa all on the same leaf vers 
discoloured simultanoously, tliey must all liave absorbed some 
of the salt within the same short poriod of time. ThiB was 
likewise shon'n by the simultaneous inflection of tbe several 
exterior rows of tentacles. If we had no such CTidence as 
this, it might have been supposed that only the glands of the 
exterior and inflected teuUclcB had at>sorbed the salt ; or that 
only tlioso on the disc had absorbed it. and had tlien transmitted 
a mutor impulse to the exterior tentaules; but in this latter cose 
the exterior tentacles would not have become inflected until 
some time had elapsed, instead of within half on hour, or even 
wittiiu a few minutes, as usually occurred. All the glands on 
the same leaf are of nearly the same size, as may best be seen 
by cutting off a narrow transverse strip, and laying it on ila 
Bi<lu ; hence their al>s>)rbiug surfaces are nearly equal. The 
long-headed glands on the extreme margin must l>e excepted, 
as they are much longer than the others; but only the upper 
surface is capable of absorption. Besides the glands, buth 
surfaces of the leaves and the pedicels of Iho tentacles bear 
numerous minute pa]>il1ie, which absorb carbonate of ammonia, 
an infusion of raw meat, metallic salts, and probably many 
other substances, but the absorption of matter by these papillie 
never induces inflection. We must remember that the movo- 
mcnt of each separate tentacle depends on its gland being 
excited, except when a motor impulse is Iransmitlcd from the 
gknds of the disc, and then the movement, as just stated, 
docs not taka iilace until some little time has elapsed. I have 
made these remarks because they show us that when a leaf is 
immersed in a solution, and the tentacles are inflected, we can 
judge with some accuracy how much of the salt each gland has 
at>sorbed. Fur instance, if a leaf t>earing 212 glands be immersed 
in a measured quantity of a solution, containing ^ of a grain of 
a salt, and all the exterior tentacles, except twelve, are inflected, 
we may feel sure that each of the 200 glands can on an average 
have absorbed at most y^ of a groin of the salt. I say at 
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■aosi, tat Uie ptpiUn will bsre abK«l«d Eome sid»I1 unonnl, 
uid ao will perhaps the glands of the turelre eiclndtii leataclts 
which did not become inflectoL The application of this prin- 
dfrie IcMia to reinarkable ooDclusiuns with respect to the 
ninaiapeaB of the duKS caoEing iiifli--ctiutt. 

Ok the Action of Distilled Water in causing lufitdion. 

Althougfb in all the more importatit eiperimeutfi the diC- 
ference Iietween the leares Eixoultoncouslf immersui in water 
Kid in the seTcraJ eolatioos n-ill be described, nevert Ileitis it 
ma; be well here to give a eummarjr of the L'ffocla of vater. 
The fiiet, moreover, of pure water acting on the glands dcRcrvus 
in itself some Doti[^e, Leaves to the number of 141 were im- 
ineraed in water at the same time with those in the solutionB, 
•nd their state recorded at Ebort intervals of time. Tliirty-two 
other leaves were Beparately observed in water, making alto- 
gether 173 experiments. Man; scores of Itavcs were also im- 
mersed in water at other tiiuis, but no cloct record of the 
effects produced was kept; jet thuso cursory ol'Strvnliona bii|)- 
port the coni^lodons arrived at in this eliapler. A few of tlje 
loDg-headcd tentaclcB, namely from one lo almut rIi, were 
commonly inflected within half an hour after immerEion ; as 
were occasionally a few, and mrelj a considerable iiumlier of 
the exterior round-headed tentacles. After an immersion of 
from 5 to 8 lirs. the short tcntaclca Eurrounding the outer 
parts of the disc generally become inflected, so that their glands 
form a Btnall dark ring on the disc; the exterior tontacIeR 
not partaking of this movement. Hence, excepting in a few 
cases hereafter to be specified, we can judge whellicr a Rotulion 
prodnces any effect only by observing the exterior tcntaeloa 
within the first 3 or -1 hrs. after inimernion. 

Now for a summary of the statu of the 173 loaves after an 
unmcrsion of 3 or 1 lirE. in jluro water. One leaf liiultalmust 
■II its tentacles inflected ; three leaves hod most of Ihcm sub- 
inflected; and thirteen had on an averagre 'i^h tentacles in- 
flected. Thus Eoveutecn leaves out of the 173 were acted on in 
a marked manner. Eighteen leaves had from seven to uiuetotn 
tentacles inflected, the average being 93 tentacles for each 
leatl Forty-four leaves had from one. to six tentacles inflected, 
generally the long-headed ones. So that altogctlior of the 173 
leavcB carefully observed, sevenly-nitio were atTcpted by the 
water in some degree, though coninioiilj to a very uliglit degn*; 
and ninety-four were not affected in the Ita^t degree. This 
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nmonnt of iofloctinn is utterly insignificant, as wo shall hero- 
aftor see, compared with that causeii bj ycr; weak Eolations 
of BGTonil BahB of ammonia. 

Plants which haTO Uved for some timo in a rather high 
temperature are far nioro Bcositivo to the action of watar than 
those grown out of doors, or reconilj brought into a warm 
greenhouse. Tliua in the above seventeen cbhcs, in which the 
immersed leaves had a conKiderable number of tentacles ia- 
llcctcd, the plants had been kept during tlie winter in a very 
warm greonhouso ; aud they bore in the early spring remarkably 
fine leaves, of a light red colour. Had I then known that the 
eensitivcneSH of plants was thus increased, perhaps I should 
not have used the leaves for my eiperimenta with the very 
weak solutions of phoqihate of ammonia; but my experiments 
are not thus vitiated, as 1 invariably used leaves from the same 
plants for simultaneous immersion in water. It often happened 
that some leaves on the same plant, and some tentacles on the 
same leaf, were more sensitive than others ; but why this should 
be so, I do not know. 

s jiist indicated between the leaves im- 
mersed in water and in weaJc 
Boluljons of ammonia, the ten- 
tacle* of the latter are in most 
cjises much more closely in- 
flected. The appearance of a 
leaf after immersion in a few 
drops of a solution of one grain 
of phosphate of ammonia to 
200 oz. of water (i.e. one part 
to 87,500) is here reproduced : 
such energetic inflection ie 
never caused by water alone. 
With leaves in the weak solu- 
tions, the blade or lamina oflen 
becomes inflected; and this is 
BO rare a circumstance with 
leaves in water that I have 
swn only two instances; and 
in both of these the inflec- 
tion was very foehle. .Again, 
with leaves in the weak solu- 
tions, the inflection of the t«n- 
tiLcles and blade often goes on 
steadily, though slowly, increasing during many hours; Rud 
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this agnin is eo rare a circtmiEtanc« with leaves in icator that 
I have Been only three instances of an; euch iucrcimc al'ter tlio 
first 8 to 12 hiB.; and in these three instances the two outer 
ruwB of tentacles were not at all affected. Hence there is eomo- 
timce a much greater diffcreneo between the leaves in water and 
in the weak solutions, after from 8 bra. to 2-1 hrs., than there 
was within the first 3 lira. ; though as a peneral nUo it ia beat 
to tnist to the difference obserrod within the shorter time. 

With respect to the period of the ro-eiimusion of the IcaTcs, 
when left immersed either in water or in the weak solutions, 
nothing could be more Tariable. In both cases tho exterior 
tentacles not rarely begin to ro-cxpand, after an interval of 
onlj from 6 to t) hrs. ; that is just about the time when the 
short tentacles round the borders of the disc liecome inllocted. 
On the other hand, the tentacles sometimes remain inflected 
for i whole day, or even two days ; but ns a general rule tliey 
reouia inflected for a longer period in Tcry weak solutioua than 
in water. In solutions which are not extremely weak, they 
noTSr re-eipand witliin nearly so short a period as six or 
eight hours. From these statements it mi)^ht be thought 
difficult to distinguish between the eOects of water and tho 
weaker solntions ; hot in truth there is not the slii^htest diffi- 
culty until eicesslTelj weak solutions nro trii'd; and then the 
distinction, as might t>o expected, tjecoraes very doubtful, and 
at last disappears. But as in all, except tho simplest, cases 
the state of the leaves simultaneously immerscil fur an ci|na] 
length of time in water and in the solutions will bo described, 
tho reader can judge for himself. 



Cabdosate of Ammosia. 
This salt, when absorbed by tho roots, does not cause 
the tentacles to be inflected. A plant woa so pluccd 
in a solution of one part of tbo carbonate to 140 of 
vater that the young uniujureil roots could be olj- 
Berved. The terminal cells, which were of a pink 
colour, instantly became colourless, and their Iim|)i<l 
ooat«nts etoudy, like a mezzo-tinfo engraving, so that 
some degree of aggregation was almost instantly 
canaed ; but no further change ensued, and the ab- 
fiorbent hairs were not visibly affected. Tbc tentacles 
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did not bend. Two other plants were placed with 

(lieir roots surrounded by damp mosa, in half an ounce 
(14-108 nil.) of a solution of one part of the carbo- 
nate to 21B of water, and were observed for 2-1 hrs. ; 
but not a single tentacle was inflected. In order to 
produce this effect, tho carbonate must be absorbed 
by the glands. 

The vapour produces a powerful effect on the glands, 
and induces inflection. Three plants with their roots 
in bottles, so that (he surrounding air could not have 
become very humid, were placed under a bell-glass 
(holding 122 fluid ounces), together with 4 grains 
of carbonate of ammonia in a watch-glass. After an 
interval of C bra. 10 m. the leaves appeared nnaffected ; 
but next morning, after 20 hrs., the blackened glands 
were secreting copiously, and most of tho tentacles 
wero strongly inflected. These plants soon died. 
Two other plants were placed under the same bell- 
glass, together with half a grain of the carbonate, the 
air being renilered as damp as possible ; and in 2 hrs. 
most of the leaves were affected, many of the glands 
being blackened and the tentacles inflected. But it is 
a curious fact that some of the closely adjoining ten- 
tacles on tho same leaf, both on tho disc and round 
the margins, were much, and some, apparently, not in 
the least affected. The plants were kept under the 
bell-glass for 24 hrs., but no further change ensued. 
One healthy leaf wos hardly at oil afl'ected, though 
other leaves on the same plant were much affected. 
On some leaves all the tentacles on one side, but not 
those on the opposite side, were inflected, I doubt 
whether this extremely unequal action can be ex- 
plained by supposing that the more active glands 
absorb all the vapour as quickly as it is generated, so 
that none is left for the others for wo shall meet with 
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analogous cases with air tUorouglily permeated witli 
the vapoura of chloroform and ether. 

Minute particles of the carbonate wore added to the 
secretion surrounding several glands. These instantly 
became black and Bccreted copiously ; but, except in 
two instances, when eitremcly minute particles were 
given, there was no inflection. This result is analo- 
gQOB to that which follows from the immersion of 
leaves in a strong solution of one part of the carbonate 
to 109, or 146, or even 218 of water, for the leaves 
are then paralysed and no inflection ensues, though 
the glands are blackened, and the protoplasm in the 
cells of the tentacles undergoes strong aggregation. 



We will now turn to tbo effects ot Golutions of the carbonalo. 
Half-roiniina of a aolnlion of one part to 437 of water were placed 
on the dlBcs of twelve leaves; ro that each roccivL-d ^l-^ of a grain 
or '0675 mg. Ten of these had thi;ir exterior teutuelefi well 
uiflecti>d ; the blades of Foma bt-inp also niuch curved inwards. 
In two cases Kveral of the esterior tentaclei) were itjfleeted in 
35 m.; but the movement was generally Blower. These ten 
leaves rc-cxponded in periods varying between 21 hre. and - 
45 hia., but in one coso not until 67 hrs. had elapsed ; bo that 
they re-eipanded much more qnickly tliou leaves which have 
caught insects. 

The same-sized drops of a solution of one part to 875 of water 
were placed on the discs of eleven leaves; six remained quite 
tuiaffectod, whilst fire ha<l from tlireo to six or eight of their 
exterior tentacles inflected ; but this degree of movement can 
hardly be considered as trustworthy. Each of these leaves 
received nti of a grain (0337 mg.), distributed between the 
glands of the disc, but this was too suiall an amount to produce 
any decided ofTect on the exferior lentoclca, the glands of which 
hadmt themsolvos received any of the salt. 

Minnto drops on the heail of a small pin, of a solution of one 
part of the carlwnat« to 218 of water, were next tried in the 
manner al«vo described. A drop of this kind equals on an 
average j",, of a minim, anil therefore eontains fj^jf tif a grain 
(■Q13j mg.) of the carlKuiate. I touched with it (ho viitciil 
BiKretioa round three glands, so that each gluud received oulj 
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■YihrJS of a grain ('OOMS mg.). Nevertholtas, in two trials all 
tlio glands were plainly blackened ; in one case all Ihreo tcalaclea 
wore well inflected after an interral of 2 iirs. 40 m. ; and in an- 
other case tn'o of the three tontocles were inflected. I then 
tried drops of a weaker solution of one part to 2U2 of water on 
twenty-tour glanda, alwajB toucbing the Tiscid secretion ronnd 
three glands with the same little drop. Each gland thus receiTed 
only the YthiG ^'^ " groin ('00337 mg.), yet some of them were 
a little darkened ; but in no one instanfo were any of the tcn- 
taeles infiocted, though tliey were watched for Vi hrs. When d 
Btill weaker Kolution (viz. one part to 437 of water) was tried on 
six glanda, no effect whatever was perceptible. Wo thus learu 
that the Tii^u °^^ grain ('00445 mg.) of carbonato of ammonia, 
if alisorbcd by n gland, suffices to induce inflection in the basal 
jiart of the same tenlnclo; but aa already stated, I was able to 
hold with a steady hand the niin\ito drops in contact with tlio 
secretion only for a few seconds ; and if more time had been 
allowed for diffusion and aliKorption, a much weaker solution 
would cerlaiuly have acted. 

Some experiments were made by immersing cut-off leaves in 
Rolntions of different atreugths. Thus four leaTCa were left for 
about 'i hrs. each in a drachm (3'549 ml.) of a solution of one 
part of the corbonate to G250 of water ; two of these had almost 
every tentacle inflected, the third bad about half the tentacles 
and the fourth about one-third inflected ; and all tho glands were 
blackened. Another leaf was placed in the same quantity of a 
Bolntion of one part to 7000 of water, and in 1 hr. 16 m. every 
single tentacle was well inflected, and all tho glands blackened. 
Sis leaves were immersed, each in thirty minims (1 '774 ml.) of 
A solution of one part to 4375 of water, and the glanda were all 
blackened in 31 m. All six leaves exhibited aomo slight inflec- 
tion, ond one was strongly inflected. Four leaves wore then 
immersed in thirty minims of a solution of ono part lo 8750 of 
water, so that each leaf received the jig of a gi'ain (■2025 mg.). 
Only one became strongly inflected ; but all the glands on all 
the leaves were of so ilnrk a red after one hour as almost to 
deserve to be called black, whereas ttiia did not occur with tho 
leaves which were at tho same time immersed in water; not did 
water prodnce tliis effect on any other occasion in nearly bo 
short a time ns an hour. These cnses of the simultaneous 
darkening or blackening of the glands from the action of weak 
solutions are important, as they show that all the glands absorbed 
tho carbonate within the enma time, which fact indeed thero 
was not the lea^t reason to doubt. 8a again, whenever til tfaa 



Cair.VU. CABBOSATE OF AHHONIA. 145 

lentocloe become iuiSocted within the eamo tone, wo Imvo 
eridence, aa before remarked, or BimnlUnoonD aljeoriilion. I 
did not coniit the nmnhcr of glands on thc«e four IcaveH ; but 
la tbey were fine ones, and mwc Icdow that the avcmgo Dumber 
of gluids OD thirtj-onc leaves WS8 l'J2, we nia; feSvlj uftBume 
tint each bore on an average at least 170; and if eo, each 
Uickened gland oould have absorbed only riiGu <Jf ^ ei^n 
('U0119 tag.) of the carbonate. 

A latge number of trials hod been prcTiouely made with 
■olntions of one part of the nitrate nnd pbofipliato of ammonia to 
13750 of water (lo. one gram to 100 onncvt!), and these were 
foniid bighl7 efficient. Fourteen leaves were therefore placed, 
each in thirty minims of a solution of one part of the carbonate 
to the above quantity of water; bo that each leaf received Y„\,n 
of a grain {■0105 mg.). The glands were not much darkeUL^d. 
Ten of the leaves were not affected, or only very Btifihtly so. 
Four, however, were strongly affected ; the first having all the 
lestaclea, except forty, inflected in 47 m. ; in G hrs. 30 m, all 
except eight; and after 4 hre. the blaile itself. The second leaf 
after 9 m. had all its tentacles except nine inflected ; after G hrs. 
30 m. these nine were sub-inflected ; the blodo having liecome 
moch inBected in i hrs. The third leaf after 1 hr. G m. had all 
lint forty tentacles inflected. The fourth, after 2 hrs. 5 m., Iiod 
■bout half its tentacles and after 4 hrs. all but forty-five in- 
Qected. Leaves which wore immersed in water at the same time 
were not at all affected, with the exception of one ; and this not 
milil 8 his, bad elapsed. Hence there con be no doubt that a 
highly sensitive leaf, if immersed in a solution, so that all the 
glands are enabled to alisorb, is acted on by Ytnti °^ "* grain of 
the carbunata AssumiDg that the leaf, wliich was a large one, 
and which had all its tentacles excepting eight inducted, tnre 
170 glands, each gland could ho^e alieorlied only yj^jTnj of n 
grain (-00024 mg,); yet this aufliced to act on each of the 1G2 
tentacles which were inflected. Itut as only four out of the nliove 
fourteen leaves were plainly affected, this is nearly the mini- 
mum dose wliieb is efficient. 

Aggregatim of tU ProtnjJatm frmn the Action nf Carbonate of 
Ammonia. — I tiavo fully described in the third chapter tho 
remarkable effects of moderatoly strong doses of this salt in 
csDBtng the aggregation of the protoplasm within the cells of 
the glanda and tentacles ; and hero my oliject is merely to show 
what email doses HuSice. A leaf was immcrsiKl in twenty 
miniDiB (1183 ml.) of a solution of one part to 17110 of water. 
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and nnotlier leaf id the sftuie quantitj o! a Kolution of one part 
to 30G2 ; in the fonnar case aggrefiatiou occurred in 4 in., in the 
latter in H m. A leaf wns then immersed in twenty minims of 
a Boliition of one part to 4375 of water, bo that it receiTed ^i^ of 
a grain ("27 mg.) ; in 5 m. thero was a slight change of colour 
in the glands, and in 15 m. Kinall Kphcres of protoplasm were 
formed in the c«lln beneath Uie glands of all the tentatrles. Id 
theso coses there could nut lie a shadow of a duuht about the 
action of the solution. 

A solution was then mndo of one part to 5'i50 of water, and I 
experimented on fourteen leaves, but will give only a few of the 
coiieB. Eight yonng leaves were sclMted and esamined with 
care, and they showed no trace of aggregation. Four of thcno 
were placed in a drachm (3'549 ml.) of distilled water ; and four 
in a similar Tossel, with a drachm of the sotntjon. After a time 
the leaves were examined under a hish power, being taken allcr- 
nately from the solution and the water. The first leaf was taken 
out of the solution after an immersion of 2 hra. 40 m., and the 
laiit leaf out of the water after 3 hrs. 50 m.; the examination 
lasting for 1 hr. 40 m. In the four leaves out of the water there 
was no trace of aggregation except In one specimon, in wliieh a 
very few, extremely minute spheres ot protoplasm were present 
beneath some of the round glands. Al! the glands were tt&na- 
lucont and red. The four leaves which had been immersed in 
the solution, besides lieing inflected, presented a widely different 
appearance; for the contents of the cells of every single tentacle 
on all four leaves were conRpicuously aggregated ; the spheres 
and elongated masses of protoplasm in many cases extending 
halfway down the tentacles. All the glands, both thoee of the 
central and exterior tentacles, were opaque and blackened; and 
this shows that all had absorbed some of the carlionate. These 
four leaves were ot very nearly the same size, and the glands 
were counted on one and found to l>o 1G7. This licing the case, 
and the four leaves having been immersed in a drachm of the 
solution, each gland could have received on an average only 
it\jTs of a gniin (-OOiOOU mg.) of the salt ; and tliia quantity 
BTitBced to induce within a short time conspicuous aggregation 
in the cells lieneath all the glands. 

A vigorous but rather small red leaf was placed in six 
minims of the same solntion (vi^. one part to 52-jO of water), so 
that it received gj^ of a groin (■0G75 mg.). In 40 m. the ghinds 
appeared rather darker; and in I hr. from four to eix spheres 
of jirotoplasm were formed in the eelJs beneath the glands of 
all the tenluclus. I did not count the tentacles, but we may 
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aMj assimie that there were at leaet 110; and if eo, each 
gUod could haw received only the TTiVra <*f ■ grain, or 
■0M48iag. 

A wtAfi eolntioii was then mado of one part to 7000 of witcr, 
lai bur leaves were imitiersed in it ; but I will give only one 
OMe. A hsT was placed in t«n nininiB of this i<o!iitioQ ; after 
1 hr. 37 m. the glanda became somewhat darker, and the cells 
beneath all of theni now contained man; Ephtrcs of n).*fn¥gated 
protoplaEin. Xhie leaf received ^ of a grain, and l-ore 1G6 
glaoda. Each gland could, therefore, have received only ^j ^ j nn 
o(»gnJxi (*000i>07 mg.}of the carbonate. 

Two other experiments are worth giving. A leaf was im- 
mened for 4 hrs. 15 m. in distilled water, and there was no 
iggr^ation; it was then placed for 1 hr. 15 m. in a little eoIu- 
tiun of one part lo ^2.50 of water ; and tliia exeiletl wpU-inarked 
iggregation and inflection. Another leaf, after having b(«n 
immersed for 21 hre. 15 m. in diatiUed water, had its glondu 
blickened, but there was no agtri^tion in t!io coIIh licneath 
tbem; it was then lert in six mininiB of the ^me solution, and 
in 1 hr. there was much agprcgation in many of the tentacles; 
in 2 hrs. all the tentacles (146 in number) were affected — ^tha 
■ggregation eilending down for a length eqna] to half or the 
whole of the glands. It is extremely improbable tlint these two 
leaves would have undergone aggregation if tliey had l>een left 
far a little longer in the water, namely for 1 hr. and 1 hr. 15 m., 
(luring which time they were immersed in the solution ; for the 
process of aggregation stxma invariably to supervene slowly and 
very gradmiDy in water. 

Summary of the Results vnth Carhonale of Ammonia. — 
The roots absorb the solution, as shown by tbeir changed 
colour, and by the aggregation of the coiil<'nt3 of their 
cells. The vapour is aliorbed by the glands ; these 
are blackeneil, and the tentacles are iufleeted. The 
glands of the disc, when excited by a half-niinim drop 
(■0296 ml.), containing -^^ of a grain (■0075 mg.), 
transmit a motor im[iulse to the exterior tentacles, 
causing them to bend inwards. A minute drop, con- 
*'^i^^g TTt-TTir of a gniin (-00445 mg.), if held for a 
few seconds in contact with a gland, soon causes the 
tentacle bearing it to be inflected. If a leaf is left 
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immersed for a few hours in a solution, and a gland 
absorbs the TT^Vinr of ^ grain (-00048 mg.), its colour 
btscomes darker, though not actually block ; and the 
contents of the cells beneath the gland are plainly 
aggregated. Lastly, under the same circumstanceB, 
the absorption by a gland of the -s-s-sVirg of a grain 
(■0002-1 mg.) auflices to excite the tentacle bearing this 
gland into movement. 



Nitrate op Ammonia, 

"With the Bait I attcDclcd only to tlio inflection of (he ledves, 
for it is fur less efficicat than ttie carbonate is causing a^rgrcga' 
tion, although CDneidcnibly more potent in causing inflection. I 
oipcrimcnted with half-minims (-0290 ml.) on the discs of fifty- 
two leBTes, but will give onlj a few cases. A solution of one 
pnrt to 109 of water wsa too Gtrong, cauBing little intlectioD, and 
after 2i lira, killing, or nearly killing, four out of six leaves 
which were thus tried ; each of which received the yjj of a grain 
(or -27 mg.). A sohition of one part to 218 of water acted moet 
energetically, caiising not only the teutoeles of nil the leaves, 
but tho blades of some, to lie strongly inflected. Fourteen 
learea were tried with drops of a solution of one part to 875 
of water, so that tho disc of each received tlie -j-eVs ^ a grain 
(■D337 mg.). Of these leftvos, seven were very strongly acted on, 
the edges beiag generally inflected ; two were moderately acted 
on ; and five not at all. 1 subscqaently tried three of tliese latter 
Dve leaves with urine, saliva, and mucus, hut they were only 
slightly affected ; and this proves that they were sot in on actiro 
conilitiou. I mention this fact to show liow necessary it is to 
CTqwriment on soveml leaves. Tno of the leavun, which were 
well inflected, re-expanded after 51 hrs. 

In the following experiment I happened to select very sensi- 
tive leaves. Half-miuims of a Bolution of one part to IDS't of 
water (i.e. 1 gr. to 21 ok.) were placed on the discs of nine leaves, 
so that each received the ^^^ of a grain (027 mg.). Three of 
them bod their tentacles sliougly inflected and their blades curled 
inwards; five were slightly and somewhat doubtfully afTected, 
having fiom three to eight of their exterior tentacles inflected i 
one leaf was not at alt affected, jet was afterwanls acted on by 
saliva. In six of thcRO coses, a trace of action was ^lerceptiblo in 
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7 bin., bat the full eflect was not produced until frntn 24 hra. to 
30 hra, had elupsed. Two of the leavea, which were only slightly 
inflected, rc-expandcd after un additional interval of Id bn. 

Half-minims of a rathcx weaker solution, viz. of one part to 
1312 of water (1 gr. to3 oz.) were tried on fonrtoca leavea ; bo thai 
e»ch received y^ of a grain (-0225 mg.), instead of, as in the last 
cipcriment, ^^^ of a grain. The blade of one wob plainly in- 
flected, as were six of the exterior tentacles ; tlie hladc of a stcoDd 
woB slightly, and two of the exterior tentacles well, inflected, all 
the other tenta^lea being curled in at right angles to the disc; 
three other loaves had from five to eight tenlucles inflected ; five 
otberB only two or three, and occasionally, though very rarely, 
drops of pure water cause this much action ; the foar remaining 
leavea were in no way affected, yet tliree of them, when subso- 
quently tried with urine, became greatly inflected. In most of 
these cases a slight effect was perceptible in from 6 hra, to 
7 hra., bat the full effect was not produced until from 2-1 hrs. 
to 30 hrs. had elapsed. It ia obvious tlint wo have hero reached 
very nearly the minimuni amount, which, dibtribated between 
the glands of the disc, acts on the exterior tentacles ; these 
having themselves not received any of the solufion. 

In the next place, the viscid secretion round three of the 
exterior glaads wse touched with the same little drop (-^^ of a 
minim) of a. solution of one part to 437 of water ; and after nn 
interval of 2 hrs. 50 m. all throe tentacles were well inflected. 
Each of these glands could have received only the y^Jhrs '^^ '^ 
grain, or -0022.0 mg. A little dropof the same size and strength 
was also applied to four other glands, and in 1 hr. two IxK^mo 
inflected, whilst the other two never moved. Wo here noe, as in 
the case of the half-minims placed on the discs, that the nitrate 
of ammonia is more potent in causing ioflectian than the car- 
bonate ; for minute drops of the latter salt of this strength pro- 
duced no effect. I tried minate drops of a still weaker solution 
of the nitrate, via. one part to 875 of water, on twenty-one 
glands, bat no effect whatever was produced, except perhaps iu 
000 instance. 

Sixty-three leaves were imnncrscd in solutions of various 
strengths ; other leaves being immersed at the samo time in the 
ume pure water ased in making the solutions. The results arc 
10 remarkable, though less so than with phosphate of ammonia, 
(hat I must describe the experiments in detail, but I will give 
only a few. In speaking of the eaceessivo periods when 
inflection occurred, I always lockoa from the timo of firet 
immersion. 
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HaTing made some proliminary trials as a. gnide, five Icflvca 
were placed iu the same little veasel in thirty minims of a boIu- 
tion of one part of the nitrat* to 787.J of water (1 gr. to 18 oz.); 
and this amount of fluid just sufficed to cover them. After 
2 bra. 10 m. three of t)\o leaves were conBiderably inflecl«i, and 
the other two moderately. The glands of all became of so dark 
a red as almost to deserve to be tailed black. After 8 hra. feur 
of tho leaves had all their tentacles more or Icks inflected ; whilst 
the fifth, which I then perceived to be an old Ipaf, had only thirty 
tentacles inflected. Next morning, after 23 hrs, 40 m., all tha 
leaves were in the same state, excepting that the old leaf had a 
few more tentacles inflectciL Five leaveswliich had been placed 
at tho same time in water were observed at the same intervals 
of time ; after 2 hrs. 10 m. two of them had fonr, one had seven, 
one had ten, of the long-headed marginal tentacles, and the 
fifth had fonr round-headed tentacles, inflected. After 8 hrs. 
there was no change in these leaves, and after 21 hra. all the 
marginal tentacles had re-espanded ; but in one leaf, a dozen, and 
in a second leaf, lialf a dozen, eubmarginal tentacles had become 
inflected. As the glaniis of tho five leaves in the solution were 
simultancou.slj darkened, no doubt tlioy had all absorlwd a nearly 
equal amount of the salt ; and as ^J^ of a grain was given to the 
five leaves together, each got y^ of a grain (iJ15 mg.). I did 
not count the tculaclea on these leaves, which were moderately 
fine ones, but as the average number on thirty-one leaves vtas 
192, it would iw safe to assume that each bore on an average at 
least 160. If so, each of t)io darkenf^ glands could have 
received only jj^'.^a "^ ^ grain of the nitrate ; and this caused 
the inflection of a great majority of the tentacles. 

This plan of inuneraing several leaves iu tho same vessel 
is a bad one, as it is impossltile to fee! sure that the more 
vigoroHB leaves do not rob tho weaker ones of their share of 
tho salt. The glands, moreover, must often touch one another 
or the aides of the vessel, and movement may have l)ecn thua 
eiciled; but the corresponding loaves in water, which were 
little inflected, thougli rather more so than commonly occurs, 
were ox]x>sod in an almost equal digree to these same sources 
of error. I will, therefore, give only one other experiment made 
in tills manner, though mony were tried and all confirmed 
the foregoing and following results. Four leaves were placed 
in forty minims of a Bolution of one part to 10,500 of wat«r; 
and assftming that they absorliod equally, each leaf received 
iiYj •*^ " Krain (■0J(J2 mg.). After 1 lir. 20 m. many of the 
tentacles on all four It'avea weco somewhat ii'Doeted. After 
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5bi. 30 m. two lanei hid aH Utor tentadea hriketcd; * 
fldri leaf wH taaept the extnemn nMisifla)^ vhidi nemed old 
•nd la>T»d; ud the foorth • bice mnnber. iJler tH bim. 
enjj sh^le tentacle, od all four leaves, was claaelj inflected. 
Of Ute fanr leaTies placed at tba aune time in vster, one had, 
tfler 5 hra. 4o m^ five margiiial tnilaclta inflected ; a Beecod, 
ten ; a third, nine tnar^nak and sobmaiginals; and the firarth, 
trelre, chiefl; sabmargiiulB, tnllected Alta 21 his. all these 
marginal tentacles re-eipaoded, but a tew of the iiu)<ni&ifjna!a 
OQ tvo of the leares ranained al^htlj rarred inmrdiu The 
omlrast was wtmdetfally gnOit between these four leaver in 
vater and those in the Eolation, the latter baTing eTerjr one of 
their tentacles cloeelj inflecled. Hating; the luixlerate assomp- 
tion that each of these karca bore 160 tentacles, each gland 
conld have a}«orfaed only \t^t,^ ot a grain (tliWiil ng.). 
This experiment was repeated on three leaves with the Game 
relative amonnt of the eolntinn ; and afler 6 hn. lo in. all the 
lentoclei; except nine, on all three leasee taken together, were 
doeelT inflected. In this raae the tentacles oa each leaf were 
counted, and gave an arcrage of IG2 per Iraf. 

The following experiments were tried daring the snmmer of 
1873, by placing the leavts, each in a separate watch-glass and 
ponring over it thirty minims (1 775 ml.) of the Bolation ; other 
teavea being treated in exactly the same manner with Uio 
donWy distilled water ased in making the wlntions. The 
triaia above given were mode several years before, and when I 
read over my notes, I coold not believe in the resolta; bo I 
resolved to begin again with moderately strong rolntionR. Six 
leavea were first immersed, each in thirty minims of a solution of 
one part of the nitrate to b750 of water (1 gr. lo 20 oz.), so that 
each received yj, of a grain ( 2IKJ mg ). Before 30 m. had 
elapaed, four of these leaves were immensely, and two of them 
moderately, inflected. The glands were rendered of a dark 
red. The four correeponding leaves in wnter were not at all 
affected imtil 6 hrs. had elapsed, and then ovlj the ehort ten- 
tacles on the borders of the disc ; and their inflection, aa 
previonsly eiplained, is never of any Eipnificanco. 

Fonr leaves were imniuTRed, each in thirty minims of a eoIu- 
tionof one part to 17,500 of water (1 gr. to 40 oz.), so that each 
'^eeived -gia of a grain ('101 mg.) ; and in lees than 45 m. three 
of them had all their tentacles, except from four to len, inflected ; 
the blade of one being inflected after 6 hrs., and tliu Made of a 
BDcond after 21 hrs. The fourth leaf was not at all affected. 
The glands of none were darkened. Of the corresponding leaves 
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in water, only one had any of its exterior tentacles, namely five, 
inflecteii ; nfter 6 hre. in one case, and after 21 hra. in two other 
coses, the stiort tentacles on the borders of the disc formed a 
ring, ia the tisual mnnner. 

four IcaToe wore immcreed, each in thirty minima of a Bolution 
of one part to 43,760 of wBter (1 gr. to 100 oz.), bo that each leaf 
got TsW °^ " grain (-0105 mg.). Of these, one was mnch in- 
flected in H la., and after 2 hrs. 7 ni, hod all the tentacles, 
except thirteen, inflected. The second loaf, after 10 m., had all 
except three inflected. The third and fourth were hardly at M 
affected, scarcely more than the corrcsironding leaves in water. 
Of the latter, only one was aSected, this having two tentaclea 
inflected, with those on the outer parts of the disc forming a 
ring in the usnal manner. In the leaf which hod all its ten- 
tacles except three inflected in 10 m., each gland (nssnming that 
the leaf bore 160 tentacles) conid hayc ahKorbcd only iriVsa of 
a groin, or ■000208 nig. 

Four leaves were Ecparately immersed as before in ii solution 
of one part to 131,2o0 of water (1 gr. to 300 07.). so that each 
received j^^ of a grain, or iJlSO mg. After 50 m. one leaf had 
all its tentacles escojit sixteen, and after 8 hrs. 20 ni. all bnt 
fourteen, inflected. The second leaf, after 40 m., had all but 
twenty inflected; and after 8 hrs. 10 m, began to re.expond. 
The third, in 3 hrs. had about half ita tentacles inflected, which 
iHjgnn to re-expand after 8 hrs. 13 m. The fonrth leaf, after 
3 hrs. 7 m., had only twenty-nine tentacles more or Ices in- 
flected. Thus three out ot the four leaves were strongly acted 
on. It is clear that very sensitive leaves had been accidentally 
selected. The day moreover was hot. The four corresponding 
leaves in water were likewise acted on rather more than is usual ; 
for after 3 hrs. one had nine tentacles, another four, and 
another two, and the fourth none, inflected. With respect to 
the leaf of which all the tentacles, except sixteen, were inflected 
after 50 m., each gland (assuming that the leaf bore 160 ten- 
tacles) could have absortied only ^^tto of a grain (■O00O9ST 
mg.), and this appears to bo about the least quantity of the 
nitrate which suffices to induce the inflection of a single tentacle. 

As negative results are important in confirming the foregoing 
positive ones, eight leaves were immersed as before, each in thirty 
minims of a solution of one part to 175,000 of water (1 gr. to 
400 oz.), so that each received only f^^ of a gmin (0101 mg.). 
This minute quantity produced a slight effect on only four of 
the eight leaves. One liad fltty-six tentacles inflected after 2 hrs. 
13 m.; a second, twenty-six inflected, or sub-in fleeted, after 
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3B bl; » third, eighteen inflected, aflor 1 hr. ; and a fourth, 
teo iaflieot«d, &fler 35 m. The four other leaves were out iu 
the least afi^eted. Of the eight coirciipondinf; Itavc8 in iralcr, 
oite had, after 2 hn. 10 m., nine tcntHcIcs. and four others from 
<ne to fourlong'headed tentActes, inflected ; the rcuruuing tlirco 
being tmofiected. Hence, the -gj^ of a grain given to a eeoRi- 
tive le«f daring warm weatbur perhaps produces a sliglit effect; 
but we mnst bear in mind that occusionall; waUtr causes an 
great an amotmt of in&ection as occurred in this la«t ox- 



Summary of the ResulU with Nitrate of An o la — 
The glands of the disc, vhen eseited i y a L If in 
drop (■0296 ml.), contniniog viVu of ^ fe'' f tlo 

nitrate ('027 mg.), transmit a niutfir n\ Ise t tl o 
exterior tenttwlea, causing thorn to b 1 nn r Is A 
minute drop, containing - ^ , j „ „ of a gra n ( 00 2j mg ) 
if held for a few Beconds in conta*"! with a gland, 
causes the tentacle bearing this gland to bo inflected 
If a leaf is left immersed for a few hours, and Bonic- 
timea for only a few minutes, in a solution of such 
Btrength that each gland can absorb only the TnrTru.f 
of a grain ('0000937 mg.), this email amount is 
enough to excite each tentacle into movaiicnt, and 
it becomes closely inflected. 



Phosphate of Ammonia. 

This salt is more powerful than tlio nitrate, even 
in a greater degree than the nitrate is more powerful 
than the carbonate. This is shown by woaker solu- 
tiona ot the phosphate acting when dropjiwl on tlio 
diflOBj-or applied to the glands of the esterior ten- 
tacles, or when leaves are immersed. The dilference 
in the power of these three salts, as tried iu three 
different ways, supports the results presently to be 



154 ■ DROSEHA ROTUNDIFOLIA. Cu4P. VIL 

given, which are so surprising that their credi- 
bility requires every kind of support. In 1872 I 
experimented on twelve immersed leaves, giving each 
only tea minima of a solution; but this was a bad 
method, for so small a quantity hardly covered them. 
None of these experiments will, therefore, be given, 
though they indicate that excessively miuuto doses 
are efficient. When I read over my notes, in 1873, 
I entirely disbelieved them, and determined to make 
another set of experiments with scrupulous cnre, on 
the same plan as thosi? made with the nitrate ; namely 
by placing leaves in watch-glasses, and pouring over 
each thirty minims of the solution under trial, treat- 
ing at the same time and in the same manner other 
leaves with the distilled water used in making the 
solutions. During 1873, seventy-one leaves wore thiia 
tried in solutions of various strengths, and the same 
number in water. Notwithstanding the care taken 
und tho number of the trials made, when in the 
following yeoi I looked merely at the results, without 
reading over ray observations, I again thought that 
there must have been some error, and thirty-five fresh 
trials were made with the weakest solution ; but 
the results were as jiiainly marked as before. Al- 
together, lOG carefully selected leaves were tried, 
both in water and in solutions of the phosphate. 
Hence, after the most anxious consideration, I can 
entertain no doubt of the substantial accuracy of my 
results. 



Before giving my eiporiments, it mny ho well to premiBe lliat 
cryxlalliscd phos|>liato of nmmonia, sueli as I UKod, coutaiiu 
a:V33 per cunt, of water of erystiillisatifm ; so Hint in (iH tho 
following trials tlie efHciunt elemonla forniLil oiiiy C-tG? per 
cent, of tlie salt nsed. 

Extremely minute particlts of Hie dry phosphate were placed 
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with the poJDt of a needle on the secretion Burroonding BeToral 
glands. These poured forth much GecTetion, vere blackened, 
and ulliniatetj' died; hut tho tentacles nioveil only Bhghtly. 
The doee, small as it vos, eviUeullj wax too grent, and tlie 
result vas the same as with piirtii:IeB uf tbu curbomitc of 



Half-minims of a solution of one part to 437 of water were 
placed on the discs of three leaves and acteil nio.it energetically, 
canidng the tentuclea of one to bo inflected in IS m., and 
the blades of all three to bo mnch cnrved inwards in 2 bra. 
15 m. Siniilar drojis of a solution of one part to 1312 of water, 
(1 pr. to 3 OS.) were then placed on the discs of five leaves, 
to that each received the j^ir of a grain ('0223 nig.). After 
8 hrs. the tentacles of four of them were considerably inflected, 
■nd after 24 hra. the blades of three. After 48 hrs. all Gie 
were almost fully re-cipandcd. 1 mny mention with respect 
to one of these leaves, that a drop of nater bad been left 
during the previous 21 hrs. on its disc, but produced no effect ; 
and that this was hardly dry when tho solution was added. 

Similar drops of a solution of one part to 1700 of water (1 gr. 
to i OK.) were next placed on the discs of six leaves - so that 
each received j-^',n of a grain (0109 mg.) ; after 8 hrs. three of 
thetn bad many tentacles and their blades inflected ; two others 
had only a few tentacles slightly inflected, and the sixth was 
not at all aflecttd. After 24 hrs. most of the leaves bad a few 
more tentacles inflected, but one had begun to re-expand. We 
thoa see that with the more sensitive leaves the j^\^ of a grain, 
absorbed by the central glandt, is enough to matte man; of tbo 
exterior tentacles and the blades l)end, whereas the n^^ of a 
grain of the carbonate similarly given produced no efleet; and 
j^ of a grain of the nitrate was only Just suflicicnt to produce 
a well-marked efiect. 

A minute drop, about equal to ^ of o minim, of a solution of 
one part of the phosphate to 875 of water, was B])plied to tho 
Horetion on three glands, each of which thus received only 
nims o^ <^ gnJn ('00112 mg.), and all three tentacles l«c^nio 
infleeted. Similar drops of a solution of one part to 1312 of 
vmter (1 gr. to 3 oz.) were now tried on three leaves; a drop 
bcdng applied to four plonds on the same leaf On the first 
leaf, three of the tentacles became slightly infleeled in 6 m., and 
i&-«xpanded after 8 hrs. 45 m. On the second, two tcniaclcs 
became snb-inflecled in 12 m. And on the third all four ten- 
tacles were decidedly inflected in 12 m. ; they remained so for 
8 hrs. 30 m., bul by the next morning were folly re-expanded. 



156 DROSERA ROTUNDIFOLIA. Cdap.VII. 

In this latter case each gland could have received only the 
-i-t ,',^^ (or 000563 mg.) of a grain. Lastly, similar drops of a 
solution of one part to 1750 of water (1 gr. to 4 oz.) were tried on 
five leaves; a drop being applied to four glands on the same 
leaf. The tcutacloB on three of these leaves were not in the 
Ica^t affected; on the fourth leaf, two became inflected; whilst 
on the fifth, which happened to be a very ecnsitive one, all four 
tentacles wore plainly inflected in 6 hrs. 15 m. ; but only one re- 
mained inflected after 24 lira, I should, however, state that in 
this case an unusually large drop adhered to the head of the 
pin. Each of these glands could have received very little more 
tlian ]Ti\^^ of a graiu (or 'OIXMOS) ; but tliis small quantity 
sufficed to cause inflection. V<e must bear in mind that these 
drops were appUed to the viscid secretion for only from 10 to 
15 seconds, and we have good reason to believe that all the 
jihosphate in the solution would not be diffused and absorbed in 
tills time. We have scon under the same circumstaiiees that the 
absorption by a gland of tt-tts "^ ^ grain of the carbonato, and 
of , , i,|j of a grain of the nitrate, did not cause the tentacle bcnr- 
ing the gland in question to be inflected ; so that here again the 
phosphate is much more powerful than the other two salts. 

We will now turn to Iho lOG ospcrimcnts with immersed 
leaves. Having ascertained by repeated trials that moderatoly 
strong Bolutinns were highly efficient, I commenced with sixteen 
leaves, each placed in thirty minims of a solution of one part 
to 43,750 of water (1 gr. to lOO ok.) ; so that each received 
^^^ of a grain, or -04058 mg. Of these leaves, eleven had 
nearly nil or a great number of their tentacles inflected in 
1 hr., and the twelfth leaf in 3 hrs. One of the eleven had 
every single tentacle closely inflected in 50 m. Two leaves out 
of the sixteen were only moderately affected, yet more so 
than any of those simultaneously immersed in water; and tho 
remaiuing two, wluch were pale leaves, were hardly at all 
affected. Of the sixteen corresponding leaves in vater, one 
hod nine tentacles, another six, and two others two tentacles 
inflected, in the course of 5 hrs. So that the contrast in 
appearance between the two lots was extremely great 

Eighteen leaves were immersed, each in thirty minims of a 
soluUon of one part to 87,500 of water (1 gr. to 200 oz.), so 
that each received tiVh "'' * grain (0202 mg.). Fourteen of 
these were strongly inflected within 2 hrs., and some of them 
within 15 m. ; throe out of the eighteen were only slightly 
affected, having twenty-one, nineteen, and twelve tentacles in- 
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fleeted ; and one was not at alt acted on. 1^ an accident only 
fifteen, inElcad of eighteen, leavea were immerEed Ht the etune 
liiDe in water; these were olwerved Tor 24 bra. ; one hod six, 
Miother fonr, and a third two, of their outer tentacles infiueted ; 
the remainder being qniie unaffected. 

Tbe next experiment was tried nnder very favourable circnro- 
stances, fort he day (July 8) was very warm, and I happened 
to have unnsually fine leaves. Five were immersed as before in 
s golntion of one part to 131,2^ of water (1 gr. to 300 oz.), eo 
that each received ^^ of a grain, or IHiaS mg. After an 
immersion of 25 m. alj five leaves were much inflected. After 
1 hr. 25 m. one leaf bad all but ei^ht tentacles inllected ; the 
second, all hot three ; the third, all bnt five ; tlie fourth, all hut 
twenty-three; the fifth, on the oUier hand, never had more 
than twenty-four inflected. Of the corrcBponding five leaves in 
water, one had seven, a second two, a third ten, a fourth one, 
uid a fifth none inflected. Let it be observed what a contrast 
19 presented between these latter Icavea and those in the solu- 
tion. I counted the glands on the second leaf in the solution, 
and the miinber was 217 ; assuming that the three tentacles 
which did not become inflected absorlxjd nothing, we find 
that each of the 214 remaining glands could have absorbed 
only TT n t iuo of a Sfi^- "t -0000631 mg. The thinl leaf bore 
236 glands, and snlitracting the five which did not ticcome in- 
Oected, each of the remaining 231 glands could have al)Sorbed 
""^7 iitt i hoa of " grain (or -0000584 mg.), and this amount 
■nfficed to cause the tentaclee to bend. 

Twelve leavea were tried as before in a solution of one part to 
175A» of water (1 gr. to 400 oz.), ao that each leaf received j,l^ 
of a grain (0101 mg.). My plants were not at the time in 
a good state, and many of the leaves were young and pale. 
Neverthelesa, two of them bad all their tentacles, except threo 
or four, closely inflected in under 1 hr. Seven wore con- 
siderably afi'ect^d, some within 1 lir., and others not until 3 hrs., 
4 hrs. 30 m., and 8 hrs. hod elapsed; and this slow action 
may be attributed to the leaves lieing young and pale. Of 
these nine leaves, four liad their blades well inflected, and a 
filth slightly so. The three remaining leaves were not afTectc^l. 
With respect to the twelve corresponding leavea in water, not 
one had its blade inllected ; after from I 1o 2 hrs, one hod 
thirteen of its outer tentacles inflected; a second six, and four 
others either one or two inflected. After 8 brs. the outer 
teutacles did not become more inSectcd ; whereas this occurred 
with the leaves in the solution. I record in my notes that 
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ftftor tho 8 hrs. it was impossible to compare the two lots, nod 
dowbt for an iDBtant the power of tho solution. 

Two of tho above leaves in the Bolution had all tlieir tentacles, 
eicept tliree and four, inflected withic nil hour. I counted their 
glands, and, on the same principle as before, each Rlnnd on one 
loaf could have ftbsorlied only ttsImtd. o""! ou the other leaf 
only TTfiroo' °^ "■ E^in of the pho.'ipliate. 

Twenty loaves wero immcrwd in the iiBual manner, each in 
tliirty minims of a. solution of one part to 218,750 of water (1 pr. 
to 000 OK.). So many leaves wero tried becaURO I was then 
under the false impreRsion that it was incredible that any 
weaker solution could produce an effect. Each leaf received 
f^j^ of a grain, or 'tXISl log. The first eight leaves which I 
tried both in the solution and in water were either joung and 
pale or too old ; and tho weather was not hot. They were hardly 
at all affected; nevertheless, it would t»e unfair to exclude them. 
I then waited until I got eight pairs of fine leaves, and the 
weather was favourable ; the temperature of the room where the 
leaves were immersed varying from 75° to 81° (23°-8 to 2^-2 
Cent.). In another trial with four pairs (included in the above 
twenty pairs), the temperature in my room was rather low, 
about 60° (15''*5 Cent.) ; but the plants had been kept for several 
days in a very warm greenhouse and thus rendered extremely 
sensitive. Special precautions were taken for this set of experi- 
ments; a chemist weighed for me a grain in an excellent 
balance; and fresh water, given mo bj Professor Frank laud, was 
carefully measHred. The leaves were selected from a lai^ 
number of plants in the following manner: tho four finest werw 
immersed in water, and the next four finest in the solution, and 
BO on till the twenty pairs wero complete. The water specimens 
wore thus a little favoured, but they did not undergo more in- 
flection than in the previous cases, comparatively with those 
in (he solntion. 

Of the twenty leaves in the solution, eleven liccame inflected 
within 40 m. ; eight of them plainly and three rather doubt- 
fully; but the latter had at least twenty of their outer tentacles 
inflected. Owing to tho weakness of the sohilion, inflection 
occurred, except in No. 1, much more slowly than in the pre- 
vious trials. The condition of the eleven ltiuT<« which were 
considerably inflected will now bo given at staled intervals, 
always reckoning from the time of immersion : — 

(1) After only 8 m. a krge number of teutaclea infloeted, 
and after 17 m. all but fifteen; after 2 lu^ all but eight in- 
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fleeted, OF plainl? tmb-in fleeted. Aflcr i his, tbo tcufaclca 
begui to r&^ipand, and snch prompt ro-cipnnsion ia unusual ; 
after 7 hrs. 30 ra. they were olmost fully re-cxptiniled, 

(2) After 39 m. b largo namlwr of ti;ntacli!a infltctcd ; after 
2 his. 18 m. all but twentj-five inflected ; after i hra. 17 m. all 
but sixteen inflected. The leaf remained iu thifi etute for many 
homs. 

(3) After 12 m. a considcrablo amount of inflection ; after 
4 hrBL all the tentacles inflected except those of the two oaler 
nnra, and the leaf remained in this Btato for Eomu time; after 
23 hta. began to re-cipand. 

(4) After 40 m. mnch iuficction ; after 4 hrn. 13 m. fully half 
the tentacles inflected; after 23 hrs. still slightly inflected. 

(5) After 40 m. much inflection ; after 4 hra. 22 m, fully half 
the tentacles inflected; after 23 hrs. still alighlly inflected. 

(6) After 40 m. some inflection ; after 2 lirs. IB m. about 
twenty-eight oatcr tentacles inflected ; after G hrs. 2U m. about a 
third of the tentacles inflected ; after 8 hrs. much rc-espanded. 

(7) After 20 m. some inflection ; after 2 hrs. a. considerable 
number of tentacles inflected) after 7 hrs. 15 m. I«gan to 
ro-cipand. 

(8) After 33 m. twenty-eight tentacles inflected ; after 3 hrs. 
45 m. thirty-throe inflected, with most of the eubmarBinal 
tentacles Bub-inflectcd ; continued so for two days, and then 
partiall; te-expanded. 

(9) Afler 38 m. forty-two tontnclcs inflected; after 3 hrs, 
12 m. Bisty-BJx inflected or sub-inflected ; after (i hrs. 40 m. alt 
bnt twenty-four inflected or sntvinflectcd ; after 9 hrs. 40 m. all 
but eeTontocn inflected ; after 24 hrs. all bnt fonr infleclcd or 
8nb-inflect«d, only a few being cloeely inflected ; aflcr 27 hrs. 
40 m. the blade inflected. The leaf remained in this stale for 
two days, and then began to re-expand. 

(10) After 38 m. twenty-one tentacles inflected ; after 3 hra. 
12 m. forty-six tentacles inflected or anb-infleoted ; after 6 hrs. 
40 m. all bat Bcventccn inflected, though none closely; after 
a hra. every tentacle sliEhtly curved inwards ; afte*r 27 lira. 
40 ra. blaile Btronely inflected, and eo continued for two days, 
and then the tentaelcB and blade very slowly re-expanded, 

(11) This flne dark red and rather old leaf, though not very 
large, bore an extraordinary number of tentacles (via. 252), and 
behaTed in an anomalous manner. After 6 lire. 40 m. only the 
short tentaclee round tho outer part of the disc wore inflected, 
forming a ring, aa so often occurs in from 8 to 21 hra. with 
letTee both in water and the weaker solutions. But after 9 bra. 
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40 m. &11 the outer tentacles except twonty-fivo wore inflected, 
as waa tlio blado in a Btronglj marked manner. After 24 brs. 
every tentacle except one was cloeely inflected, and the blado 
was completely doubled ofer. Thus the leaf reniainod for two 
days, when it began to re-eipand. I may add that the threo 
latter leaves (Nob. 9, 10, and 11) were still somewhat inflected 
after three days. Tho tentacles in but few of theee eleven leaves 
became doschj inflected witliin so short a time as in the pro- 
vions eiperimenta with Btrgnger Bolutions. 

We will now tarn to tho twenty corresponding leaves in water. 
Nino had none of their outer tentaclcB inflected; nine otherH 
had from one to three inSocted; and those ro-c:[panded after 
8 brs. The remaining two leaves were moderately affected; one 
having sii tentoelea inflected in 34 m. ; tho other twenty-threo 
inflected in 2 hrs. 12 m. ; and both thus remained for '24 hrs. 
None of these leavoa had their blades inflected. So tliat the con- 
trast between tho twenty leaves in water and the twenty in tho 
Bolution was very great, tmth within tho first hour and after 
from 8 to 12 lirs. had elapsed. 

Of tho leaves in tho solution, tho glands on leaf Na 1, which 
in 2 hrs. hud oil its tentaclea eicept eight inflected, were 
counted and found to bo 202. Subtracting tho eight, each gland 
could Lave received only tho ts sJoBB "^ * grain (■0000111 mg.) 
of tho phosphate. Leaf No. a lind 213 tentacles, all of which, 
with tho exception of four, were inflected after 24 hrs., but 
none of them closely ) tho blade was ahu influctoil ; each gland 
coold have received only the TijTJomj of " S™in, or ■0000387 
mg. Lastly, leaf No. 11, which, had after 21 hrs. all its ten- 
tacles, except one, closely uiflcctcd, as wcU as the blade, bore 
the unuauoily large number of 252 tentacles; and on the samo 
principle as licforo, each gland could have abtiocbed only tho 
iuoS^g of grain, or -U0UO322 mg. 

With respect to the following experiments, I must premise 
that tlio leaves, both those placed in the solutiouB and in water, 
wero taken from plants which hod been kept in a very warm 
greonhoUBO during tho winter. They were thus rendered ex- 
teemely nonsitivc, oa was shown by water osciting them mnch 
more than in tho previous eipcriments. Before giving my 
observations, it may 1» well to remind tho reader that, judging 
from tliirty-ono fine ieoves, the averoge number of tentacles is 
102, and that tho outer or exterior ones, the movements of 
which aro alone significant, are to tlio short ones ou tho disc in 
ttio proportion of about Bixtccn to nine. 
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Foot Icotim were immerecd as before, each in thirty mininiB 
of A nlution of one part to 328,125 of water (1 gr. to TOO oz.). 
Each leaf Uina ref eived riints of a grain ((KJM mg.) of tht! salt ; 
u^ all four were greatly inflectod. 

(1) After 1 hx. all Uie oater teotacles bnt oae inflected, ood 
the blade greatly bo ; after 7 his. began to re-expand. 

(2) After 1 hr. all the ontcr tentacles but eight inflected j 
after 12 hre. all re-expanded. 

(3) After 1 hr. mueb inflection ; after 2 his. 30 m. all the ten- 
tacles bat thirty-ail inflected; after G hrs. all but twcuty'twu 
iofleeted ;'after 12 hrs. partly re-eipandcd. 

(4) After 1 hr. all the tcntncles bnt thirty-two injiccted; oftur 
i hre, 30 m. oil but twenty-one inflected ; after 6 hre. ahnogt 
re-expondcd. 

Of the four corresponding leaves in water : — 

(1) After 1 hr. forty-five tonlaclos inflected; but after 7 hrs. 
n manj had re-expanded that only ten remained much inflected. 

(2) After 1 hr. seven tentacles inUcctcd; these were ohnoat 
le-expanded in 6 hrs. 

(3) and (i) Not afiectcd, except that, ns nsnal, after 11 hrs. 
the short tentacles on the borders of tho disc formud a ring. 

There can, therefore, be no doubt about tho efficiency of Iho 
above solution ; and it fallows as before that each gland of No. I 
could have absorbed only iTi iooa "f a grain (1X)002GfJ mg.) 
■nd of No. 2 only ri>^733 °^ ^ S">i'i ('O00O2G3 mg.) of tho 
phosphate. 

Seren leaves were immoTBed, each in thirty minims of a 
solution of one part to 437,500 of water (1 gr. to luOO oz.). 
Each leaf thus received Tjign of a grain ('00105 mg.). Tho dny 
was warm, and the It:avos were very flue, so that all circum- 
Btanccs were favourable. 

(1) After 30 m. all tho outer tcnlnclcs except fiTo inflected, 
and most of them closely; after I hr. blade slightly inflected; 
after 9 hrs. 30 m. began to re-expond. 

(2) After 33 m. all tho outer tentacles hut twcniy-fiye in- 
flected, and blade slightly so ; after 1 hr. 30 m. blade strongly 
ioflected and remained so for 2i hrs.; hut Eomo of tho tentacles 
had then rc-csponded. 

(3) After I hr. all but twelve tentaclos inflected ; after 2 hrs. 
30 m. all bnt nine inflected ; and of the inflectwl tentacles all 
excepting four closely ; blade slightly inflected. After H hrs. 
blade qultu doubled up, aud now all the tcn(ack'» excepting 
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eight cloGelf inflected. Tho luaf rernnjaed in tliia state for twu 

(4) After 2 hra. 20 m. only Sfly-nine tentacles uifiecled ; but 
aftur 5 lire, all the tentacles closely inflected excepting two 
which were net affected, and eleven which were only sub-in- 
flcctcd; after 7 hra. blade considerably inflected; after 12 hrs. 
mueh ro-espansion. 

(5) After 4 hrs. all tho tentacles but fourteen inflected ; after 
9 hrs. 30 m. beginning to le-cxpand. 

(6) After 1 hr. thirty-six tentacles inflected ; after G hrs. all 
but Bfty-four inflected ; after 12 hra. conaiderablo re-exponsion. 

(7) After 4 hrs. 30 m. only thirty-five tentacles inflected or 
sul)-in fleeted, and this small amount of inflection never iucreased. 

Now for tho Boven corresponding leaves in water : — 

(1) After 4 hra. thirty-eight tentacles inflected ; bat after 
7 hrs. thoBe, with the exception of sis, re-ospaniied. 

(2) After 4 lu^. 20 m. twenty inflected ; these after 9 brs. 
partially ro-espanded. 

(3) After 4 lira, five iufloctod, which began to re-espand after 
7 hrs. 

(4) After 24 hrs. ono inflected. 

(5), (C) and (7) Not at all affected, thoueh observed for 
21 hj^., cieeptiog the short tentacles on the borders of the disc, 
which as usual formed a ring. 

A comparison of the leaves in the sohttion, cspocially of 
the first five or even sis on the list, with thoso in tho water, 
after 1 hr. or after 4 hrs., and in a still raoro marked di^rce 
after 7 hrs. or 8 hrs., could not leave tho least doubt that the 
Golutiun had produced a great effect This was shown not only 
hy tho vastly greater number of inflected tentacles, but by 
the degree or closeness of their inflection, and by that of their 
blades. Yet each gland on leaf No. 1 (whieli bore 235 glands, all 
of which, eiccpting five, wore inflecteil in 30 ni.) could not have 
received moro tliau one-four-millionth of a grain ("0000162 
nig.) of tho salt. Again, each gland on leaf No. 3 (which 
lioro 233 glands, all of which, except nine, wero inflected in 
2 hrs. 30 m.) could have received at most only tho y ajiict n; of 
a grain, or OOOOISI mg. 

Four leaves wore immersed as before in a solution of one part 
to 650,250 of water (1 gr. to 1500 oz.) ; but on this occasioa I 
happened to select leaves which wero very little sensitive, as 
on other occaidons I clumccd to select unusually sensitivo 
leaves. The leaves were not more affected after 12 bia. than 
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the four corresponding ones in water; but afl«r 24 hra. tbey 
were eligliUj more inflected. 6och evidencfl, however, is not at 
all trnstwortby. 

Twelye learce wero irainerBcd, each in thirty minima of a solo- 
tion of one part to 1312,500 of water (1 gr. to 3000 oz.); so that 
each leaf received fn^ of a grain (-00135 mg.). The leaves wore 
not in very good condition ; foni of them were too old and of a 
dai^ red colour; four wero too pale, yot one of these latter ac(«d 
well ; the four others, as far as conld bo told by the eye, eeemed 
in excellent condition. The result was aa follows : — 

(1) This was a pale leaf; after 40 m. about thirty-eight len- 
laclea inflected; after 3 hrs. 30 m. the blade and many of the 
oater tentadee inflected; after 10 hrs. 15 m. all the lentaclus 
but fleventeen inflected, and the blade quite doubled up; after 
31 hrs. all the tentnclea but ten more or less infiectod. Most 
of them were closely inflected, but twenty-five were only sub- 
inflected. 

(2) After 1 hr. 40 m. twenty-five tentacles inflected ; after 
C bi3. all but twenty-one inflected; after 10 !u^. aU but eixteca 
more or less inflected ; after 24 hrs, te-expandcd. 

(3) After 1 hr. 40 m. thirty-five inflected; after 6 hrs. "a 
lai^ nnmlier" (to quote my own memorandum) inflected, 
bnt from want of time they were not counted; after 21 hrs. re- 



(4) After 1 hr. 40 m. about thirty inflected ; after 6 hrs. "a 
ixrge nnmber all round the leaf" inflected, but they were not 
counted ; after 10 hrs. began to re-eix>iind. 

(5) to (12) Theee were not more inflected than leaves often 
are in water, having respectively IG, 8, 10, 8, 4, 9, 14, and ten- 
tacles inflected. Two of these leaves, however, wero remarkable 
from having their blades slightly inflected after 6 hra. 

With respect to the twelve corresponding leaves in water, (1) 
bad, alter 1 hr. 35 m., fifty tentacles inflected, but after 11 hjs. 
only twenty-two remained so, and these formeda group, with the 
blade at this point slightly inflected. It appeared as if this leaf 
had been in some manner accidentally excited, for instance 1>y a 
particle of animal matter which was dissolved by the water. 
(2) After 1 hr. 45 m. thirty-two tentaelea inflected, hut after 
5 hrs, 30 m. only twenty-five inflected, and these after 10 hrs. 
all rc-enpanded; (3) after 1 hr. twenty-five inflected, which 
atler 10 hrs. 20 m. wero all re^xpanded ; (1) and (o) after 
1 In. 35 m. six and seven tentacles inflected, which re-expanded 
alter 11 hrs.; (6), (7) and (8) from one to three inlkcteii, which 



164 DEOSEEA BOTUNDIFOLIA. Chap. VIl 

GOOD re-exptmdoi] ; (9), (10), (11) nnd (13) nono inflectwl, though 
□beervcd for twenty-four hours. 

Comparing tlie states of the twelve Icoves in wnter with tliOBO 
in the sol ution, there coulil be no doubt that in the latter a larger 
number of tcntaclos wero infiuctod, and those to a greater degree ; 
but the evidence was b; no means so clear as in the former ex- 
periments with strongor solutions. It deserves attention that the 
inflection of four of Uio leaves in the solution went on increasing 
during the first G hr8.,Dnd with some of them for a longer time; 
whereas in the wnler the inflection of the three leaves which 
were the moat nffocted, as well oa of nil the others, began to de- 
crease duringthis same interval. It is also remarkable that the 
Modes of three of the leaves in the solution were slightly in- 
flected, and this is a most rare event with leaves in water, 
thoogh it occurrud to a shght extent in one (No. I), which 
eeemod to have been in some manner aeeidentally excited. All 
this Bhows that the solution produced some effect, though loss 
nnd at a much slower rnto than in the previous cases. The 
small cfTcct produced may, however, Iw accounted for in Inrgo 
part by the mnjority of the leaves having boon in a poor con- 

Of the leaves in the solution. No. 1 l>ore 200 glands and received 
Wpott of a grain of the salt Subtracting the seventeen tentacles 
wiiich wero not inflectwl, encii pland could have absorlicd only 
tha rnrli,-tti ^^ ^ grain ('00(XX)738 mg.). Tliis nmount canned 
the tentacle bearing each gland to bo greatly inflected. The 
blade was also inflected. 



Lnslly, eight leaves were immersed, each in thirty minims of a 
solution of one part of the phospliatc fo21,875,00Uof watcr(l gr. 
to 5000 oz.). Each leaf thus received „„ f; ^^ of a grain of the salt, 
or '00081 mg. 1 took especial pains in selecting the finest leaves 
from the hot-house for immersion, both in the solution and the 
water, and almost all proved extremely sensitive. Beginning as 
before with those in the solution ; — 

(1) After 2 hrs. 30 m. all the tentacles but twenty-two in- 
flected, but some only Bub-iiiflceted ; the blade much inflected; 
ftfter 6 hn. 30 m. all but thirteen inflected, with the blade 
immensely inflected ; and remained so for 4tj hrs. 

(9) No change for the first 12 hrs., but after 2i hrs. all the 
tentacles inflected, excepting thoiw of thcoutcrmost row, of which 
only eloven wero inflected. The infleclion eoTitinuoI to inerooso, 
and oftoi m hrs. all the tentacles except three were inflected. 
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and mart of them nthoi cloeelj, fonr or &ro being onl; snb- 
mflected. 

(3) No change for the firat 12 hre.; but after 24 hre. all the 
tentacles eieeptingthoeeof the ontcnuost row were Bub-inflocte<I, 
with the blade inflected. After 36 hrs. blttdc strongi; inflcctixl, 
with all the tentacle«, except tltreo, inSectod or Bab-inflectod. 
After tt hra. in the same state. 

(4) to (8) These leaTes, after 2 hrs. 30 m., had respectively 
33, 17, 7, 4, and D tcctacles inflected, most of which, after a few 
hours, rc-ex[auided, with the exception of No. 4, wliidi retained 
its thirty-two tentacles inflected for 4}j hrs. 

Now for the eight correEponding leaves in wafer :— 

(1) After 2 hrs. 40 m. this had twenty of iU outer tentaclcn 
inflected, fire of wliich re^xjMtnded after 6 hrs. 30 m. After 
10 hrs. 15 m. a most nnufloal circamRtance occurred, namely, 
the whole blade became slightly bowed townrvls the footslalli, 
Utd BO remained for 48 hni. The exterior tentacles, eseepting 
ihoae of the three or fbur outermost rows, wore now also in- 
flected to an nnnsoal degree. 

(2) to (8) These leaves, after 2 hrs. 40 m., had rcBpcetivcly 42, 
12, 9, 8, 2, I, and fcntaclcs inflected, which all rc-es))anded 
within 24 hra., and most of thctn within a much ehorter time. 

When the two lots of eight leaves in the solution and in tho 
water were compared after the lapse of 24 hrs., they nndoubt^ 
edly differed much in appearance. Tho few tontaelca on tho 
leavefl in water which were inflected had after this inlervol ro- 
eiponded, with tho exception of one leaf; and this proRontwl 
the very annsaal ease of the blade lx;iiig somewliat inflected, 
though in a degree hardly approaching that of tlio two leaves in 
the solution. Of these latter loaves, No. 1 luid almost all its 
lentftclos, together with its blade, inflectal afler an IramcrHion 
of 2 hre. 30 m. Loaves No. 2 and 3 were affected at a much 
slower ral«; but after from 24 hrs. to 4tl hrs. almost all their 
tentacles wero closely inflected, and the blade of one quito 
doubled up. We mnst therefore admit, incredible as tho fact 
may at first appear, that this extremely weak solution acted on 
the more sensitive leaves ; each of which received only tho 
imiao of a grain (-OOOHl mg.) of tho phosphate. Now, leaf 
No. 3 bore 178 tentacles, and subtracting the throe which were 
not inflected, each gland could have ahsorhod only the yrnAnnii 
of s grain, or ■0O0OO-163 mg. Leaf No. 1, which wos etrongiy 
acted on within 2 hrs, 80 m., and ha<l all its outer teutoelcs, 
except thirteen, inflected within C hrs. 30 m., l«ro 2W lentaeloa; 
and on tho eamo principle ob before, each gland could have 
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absorhod only T5Tf?i!75Tra of a pram, or -00000323 mg.; and thia 
cscosKively miDuto aniount suEBccd to cause all Uio tentacles 
l)eariiig these glands to be greatly inilcclcd. Tho blade was also 
inflected. 

Sumviary of tlie Besulls mlh Pliosphate of Ammonia. — 
The glauds of tho disc, when excited by a half-minim 
drop ("0296 ml.), coutaining xi'tij t»f a grain (-0169 
mg.) of this salt, transmit a motor impulse to the 
exterior tentacles, causing them to bend inwards. A 
minute drop, containing -rr-jW-i. of a grain (-000423 
mg.), if held for a fow soconds in contact with a 
gland, causes tho tentacle bearing this gland to be 
inflected. If a leaf is left immersed for a few hours, 
and sometimes for a shorter time, in a solution so 
weak that each gland can alraorb only the [ .j ; ^'u j a b 
of a grain (-00000328 mg.), tliis is enough to excite 
the tentacle into movement, .so that it becomes 
closely inflected, as does sometimes the blade. In 
the general summary to this chapter a few remarks 
will be added, showing that tho efficiency of such 
extremely minnto doses is not so incredible us it 
must at first appear. 

SuJphate of Ammciiin.—Thc fow friala made with this and Oio 
following five salts of ammotiitt were nniiei-takcn merely to 
ascertain whether tliey induced infleetion. Half-minimB of a 
solution of ono part of tjie sulphato ot ammonia to 437 of 
water were placed oa tlio disea of seven leaves, so that each 
received ^Jg of a grain, or '0675 in;;. After 1 lir. the tentacles 
of live of them, as well as tho biado of ouo, were strongly 
inflected. The loaves were not aftcrwarita observed. 

Vilratt of Jm moil ill .—Half- minims of a solution of one part 
to 437 of water were placed on tho discs of six leaves. In 
1 hr. the short outer tentacles round tho discs were a littlo 
inflected, with tho glands on tho discs blackened. Aftot 
3 hrs, 25 m. ono leaf had its blade inllecft'd, bat none of tho 
exterior tentacles. All six loaves remained in nearly the same 
state during tho day, the submarginttl tectaeica, however. 
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tiecoming more inflected- After 23 hra. three of the leaves hod 
their blades somewhat inflected; and the Eahnmrginal tentaclea 
ol Kll coo&iclerab]; inflecUd, but in none were the two, three, or 
foni outer rows affected. I hare rarely seen cases like this, 
except from the action of a decoction of gnss. Theglnndit on the 
diecs of the above leavra, instead of being almost black, as after 
the first hour, were now after 23 hrs. very pale. I ncit tried 
oa four leavei half-minims of a wcnkcr solntioii, of one port to 
1312 of water (1 gr. to 3 oz.) ; so that each received -^a^s of 
a grain (-0225 mg.). After 2 hrs. 18 m. the (glands on the disc 
were very dark-colonred ; after 24 hrs. two of the leaves were 
slightly aSectcd ; the other two not at all. 

Aeetatt of Ammonia. — Half-minime of a eolation of iibviil one 
part to 109 of water were placed on the discs of two leavefi, both 
of which were acted on in 5 hrs. 30 m., and after i!3 lira, had 
every single tentacle cioRcly inSecled. 

(hcaitiU of Amnumiii. — Half-minims of a eoliition of one part 
to 218 of water were placed on two leaves, which, nfttr 7 hrs., 
became moderately, and ofter 23 hrs. stronpily, inSected. Two 
other leaves were tried with a weaker solution of one part 
to 437 of water; one was strongly inflicted in 7 hra.; the other 
not until 30 hrs. had elapsed. 

Tartrate of Ammonia. — Half-minims of a solution of one part 
to 437 of water were placed on the disca of five lonvua. Jn 
31 m. there was a trace of inflection in the eitorior tentacles of 
some of the leaves, and this became more decided after 1 hr. 
with all the leaves; bnt the tentacles were never clmely in- 
flected. After 8 hrs. 30 m. they began to re-espand. Next 
morning, after 23 hrs., all were fully re-expanclcd, excoptiug 
one which was still slightly iuflceted. The shortness of the 
period of inflection in this and the following case ia remark- 
able. 

Chloride of Jmrnoniiim. — Half-minims of a solution of one 
port to 437 of water were placed on the discs of six loaves. 
A decided degree of inflection in the outer and submarginal 
tentacles was perceptible in 25 m. ; and this iDcrcoscd durJDg 
the next three or four hours, but never became slrongly marked. 
After only 8 hrs. 30 m. the tentacles began to re-ospand, and 
by the next morm'ng, after 24 hrs., were fully ro-oipanJed on 
four of the leaves, but still slightly inQectod on two. 

General Summary and CoiKliiding Remarks on ffie 
Sails of Ammonia. — Wc have now aocn that the nine 
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salte of ammonia ivhicli were tried, all cause the iu- 
flection of the tentacles, and often of the bkclc of 
the leaf. As far as can be ascertained ixoni the 
superficial trials with the lust six salts, the citrate in 
the least powerful, and the phosphate certainly hy far 
the most. The tartrate and chloride are remarkable 
from the short duration of their action. The rela- 
tive efficiency of the carbonate, nitrate, and phos- 
phate, is shoivn in the following table hy the smallest 
amount which suffices to cause the inflection of the 
tentacles. 



Plju^ on tbo gluiii]^ of. 
tlio disc, so OB ti 
indin-ctljonthci 



BTom, or ' 
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tciitaclo . . 



Leaf immersed, with' 
time ntlon'e<l Tor eaeli ' 
f;laml to aluorb bUi 



rflla of tliu tun- 



Frora the cxpcrimfuts tried in Ihcsc three dif- 
ferent ways, wo see that the carbonate, which con- 
tains 23-7 per cent, of nitrogen, is less efficient than 
the nitrate, whieh contains 35 per cent. The phos- 
phate contains less nltropen than either of these 
salts, namely, only 21 '2 per (vnt., and yet is far more 
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elScietit ; its power no cloultt depending quite as miicli 
on the phi>aphonis as on the nitrogeo whicli it contains. 
We nmy infer tliat this is the case, from tho energetic 
mtuiner in which bits of bono and pl)os]ihate of lime 
aSect the leaves, Tho inflection esciteil by tho other 
Baits of ammonia is probably duo solely to their nitro- 
gen, — on the same principle that nitrogenous organic 
fluids act powerfully, whilst non-nitrogenous organic 
fluids are powerless. As such minute doses of tho 
Baits of ammonia affect the leaves, we may feel almost 
Bnre that Drosora absorbs and profits by tho amount, 
though small, which is present in rain-water, in tho 
same manner as other plants absorb those sumo salts 
by their roota. 

The smallness of the doses of tlie nitrate, and 
more especially of the phosphate of ammonia, which 
cause the tentacles of immersed leaves to bo inflected, 
ia perliaiJs the most remarkable fact recorded in this 
volume. When we see that much leas than tho 
millionth* of a grain of the phosphate, absorbed by 
a gland of one of the exterior tentacles, causes it to 
bend, it may bo thought that tho effects of the solu- 
tion on the glands of the disc have been overlooked ; 
namely, tho transmission of a motor impulse from 
them to the exterior tentacles. No doubt tho move- 
ments of tho latter are thus aided ; but the aid tlius 
rendered must be insignificant; for wo know that a 
drop containing as much as the -j-Jj-^ of a grain placed 
on tho disc is only just able to cause the outer ten- 
tacles of a highly sensitive leaf to bt-nd. It is cer- 

* It ia Kanwlfpnariblc to real- Etretchitnlongtbcwnll ofn Innni 

iw wlint a iniltinn moniiB. Tbo hullr then mark off nt noa oail 

h«t illiutratiou wliich I hare raci tiio teolb at ao inrh. TliiH tenth 

with ia that eivea liy Mr. Croll, vill reprutcnt a hiiiiilrcil, and tho 

lrh^l«^y^ — Tuho a narrow Blripnf cntiro ttlif a mUlioa, 
lapcr 83 ft. 4 in. in Icii^'th, aa\ 
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taiuly a most surprising fact that the -rirnr'inrFrt of a 
grain, or in rriund numbers the one-twciity-millionth 
of a grain ('0000033 mg.), of the phosfhata should 
alTect any plant, or indeed any animal ; and as this 
salt contains 3533 per cent, of water of crystallisation, 
the efficient elements oro reduced to T-Txi'TTinr of a 
grain, or in round numbers to one-thirty-millionth 
of a grain (■00000216 mg.). The sohition, moreover, 
in these experimenta was diluted in the proportion of 
one part of the salt to 2,187,500 of water, or one grain 
to 5000 oz. Tlio reader will perhaps best realise 
this degree of dilution by remembering that 5000 oz. 
would mtire than fill a 31-galIon cask ; and that to 
this large body of water one grain of the salt was 
added ; only half a drachru, or thirty minims, of the 
solution being poured over a leaf. Yet this amount 
Bufficofl to cause the inflection of almost every ten- 
tacle, and often of the blade of the leaf. 

I am well aware that this statement wUl at first 
appear incredible to almost every one. Drosera is far 
from rivalling the power of the spectroscope, but it 
can detect, as shown by the movements of its leaves, a 
very much smaller quantity of the phosphate of am- 
monia than the most skilful chemist can of any 
substance.* My results were for a long time incredible 



Wlipn my first nliBervationa ' Treotiso on Hent.' 2nd edit. 
' n tho uitriLto or lun- 1 87 1, p. 228). With rcepert to 
onliuary cbciiiical tcutB, I gather 
fmm Dr. Alfrud Taylor's work 
Dn 'PoiflOQa' that about dm "' » 
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of iiniBsic utiii, nlu uT iodine, 
and ^ of tartariBed antimony, 
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BoiiitioiiB under trio! not being 
I'Xtriimtly weak. 
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cerdiui; to Iiiiii«-Li atid Kirchhnff 
probably loea than one ronisim "f 
a gruia of godinm can iw Ihud 
doteotud IfiBO Baironr Stewart, 



CaiP, TIL BHIOIART, SALTS OF AMMONIA. 171 

even to myself, and I anxiously sought for every 
Bourco of error. The salt was in some cases wcighoJ 
for me by a chemist in an excellent balance ; and fresh 
water was measured many times with care. The 
observations were repeated during several years. Two 
of my sons, who were as incredulous as myself, compared 
several lota of leaves simultaneously immersed in tho 
weaker solutions and in water, and declared that there 
coiild be no donbt about the diffcronco in their ap- 
pearance. I hoj>e that some one may hereafter be in- 
duced to repeat my experiments; in this case he should 
select young and vigorous leaves, with tho glands 
surrounded by abundant secretion. The leaves should 
be carefully cut off and laid gently in watch-glasses, 
*nd a measured quantity of the solution and of water 
poured over each. The water used must bo as ab- 
solutely pure OS it can bo made. It is to bo especially 
observed that tho experiments with the weaker solu- 
tions ought to be tried after several days of very 
warm weather. Those with tho weakest solutions 
should bo maAe on plants which have been kept 
for a considerable time in a warm greenhouse, or cool 
hothouse ; but this is by no means necessary for trials 
with solutions of moderate strength. 

I beg the reader to observe that the sensitiveness or 
irritability of tho tentacles was ascertained by throo 
different methods — indirectly by drops i>laced on the 
disc, directly by drops applied to the glands of the 
outer tentacles, and by the immersion of whole leaves ; 
and it was found by these three methods that the 
nitrate was more powerful than the carbonate, and tho 
phosphate much more powerful than tho nitrate ; tliia 
residt being intelligible from the difference in tho 
amount of nitrogen in the first two salts, and from the 
presence of phosphorus in the third. It may aid tho 
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reader's faith to turn to the experimenta with a 
solution of ono grain of the phosphate to 1000 oz. 
of water, and ho will there find decisive evidence that 
the one-four-millionth of a grain is sufficient to cauao 
the inflection of a single tentacle. There is, there- 
fore, nothing very improbable in tiio fifth of this 
weight, or the one-twenty-millionth of a grain, acting 
on the tentacle of a highly sensitive leaf. Again, two 
of the leaves in the solution of ono grain to 3000 
oz,, and three of the leaves in the solution of ono 
grain to 5000 oz,, were affected, not only far more 
than the leaves tried at the same time in water, but 
incomparably more than any five leaves which can be 
picked out of tho 173 observed by me at different 
times iu water. 

There is nothing remarkable in the mere fact of tho 
one-twenty-raillionth of a grain of the phosphate, 
dissolved in above two-miilion times its weight of 
water, being absorbed by a gland. All physiologists 
admit that tho roots of plants absorb the salts of 
ammonia brought to them by tho rain ; and fourteen 
gallons of rain-water contain' a graiu of ammonia, 
therefore only a little more than twice as much as in 
tho weakest solution employed by me. The fact 
which appears truly wonderful is, that the ono-twenty- 
millionth of a grain of the phosphate of ammonia 
{including less than the oiie-thirty-millionth of effi- 
cient matter), when absorbed by a gland, should 
iiidnce some change iu it, which Icatls to a motor 
impulse being transmitted down the whole length of 
the tentacle, causing the basal part to bend, often 
throngh an angle of above 180 degrees. 

Astonishing as is this result, there is no sound reason 

• Hilkr'o ' EJfDiviita cif Clivmistry/ [iMt ii. p. 107, 3rd edit I8f^t. 
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why we slioolJ reject it as incredible. Prof, DonJers, 
of Utrecht, infurnis me that from experiments fonDerly 
made by him and Dr. 1)q Rnyter, he infLrrctI tliat less 
than the one-millionlli of a grain of sulphate of atro- 
pine, in an extremely diluted state, if applieil directly 
to the iris of a dog, pamlysea the muscles of thiB organ. 
Bat, in fact, every time that we perceive an oilour, we 
have evidence that infinitely smaller jMirticIra act on 
our nerves. When a dog stands a quarter of a mile to 
leew^^ of a deer or other animal, and perceives its 
presence, the odorous particles produce some change in 
the olfactory nerves ; yet these particles must be in- 
finitely smaller * than those of the phosphate of am- 
moDJa weighing the one-twenty -mi I lion tli of a grain. 
These ner^-es then transmit some influence to the brain 
of the dog, which leads to action on its part. With Dro- 
sera, the really marvellous fact is, that a jilant without 
any specialised nervous system should be aflTectcd by 
aach minute particles; but wo have no grounds for 
assuming that other tissues could not bo rendered as 
exquisitely susceptible to impressions from without if 
tbi» were benefieiaT to the organism, as is tho nervous 
system of the higher animals. 
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CHAPTElt VIII. 

The EFFEcnn of various Sali^ and Acids oh the Leaves. 

SiiltH of Bmiiiim, piitaBBiuin, and other allmlinc, earthy, onil metallic 
»iUa — i>utiiinury oti ttio action of tlitHO uolts — VujiouB ocida — 
Suiiuuar; on tbi^ir action. 

Hatino found tliiit the salta of ammonia were so 
powerful, I was led to investigate the action of some 
other suits. It will be convenient, firat, to give a list 
of tlio substdnces tried (including forty-nine salta and 
two metallic acids), divided into two columns, showing 
those which caiise iuRection, and those which do not 
do so, or only doubtfully. My experiments were mado 
by placing half-minim drops on the discs of leaves, or, 
more commonly, by immersing them in the solutions ; 
and sometimes by both methods. A summary of the 
results, with some concluding remarks, will then be 
given. The action of various acids will afterwards be 
described. 



SINO iNlTLECnOK. SALTS NOT CAUHISa iNrLECTlOH. 

Groujw accordinij to the Otemical Clairifiaxliim in WalU' 
' Diclionari/ 0/ Cheiiiielri/.') 

Filtiuwiucn corLonnto: alowlj poi- 

Patasaiiim ni 



Boilium cnrlfflnatc, rapid inflec- 
Eoiiium nitrate, rapid inQoolion. 

BoiIittiD sulphate, mnderately 

inpid inflHctiun. 
Sodium pliosphuto, very rapid in- 

fteclion. 
Sodium citrate, rapid inflection. 
Sodiuio oxalate, riLpid intUftion 
Bixliiiin chkiridf.niudtriilcly mi'id 

iulloL'tiuu. 



: somcwLat pot- 
Potuusium sulpliata 
FotaBBiuDi pboepbata. 



roliisi 



[n chlorido. 



Ata^dM iliwl^ 




Cbrotnio MM, quick indectioii : 

hi^ity pataoQoiu. 
Cc^per onloride, rather alow in- 

Bectioo : pnuonoiu. 
Kickel chloride, rapid influttiou : 

probablj poianiioiu. 
PUtiniim culoriile, miiid Liifli.'C- 
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Sodium, Carbonate of (poiO, giren me by Prof. IIof&Danii). — 
Half-miDiinB ('0296 ml.) of a twlntion of ooe part to -218 of 
water (2 grs. to 1 oz.) were placed on tho discs of twelve teavM. 
Seven of these becama well inflected ; throe had only two or 
tlirec of their oater tentacles inQcctod, and the Pomaining two 
were quite nnoffectcd. But the dose, though only the ^ of a 
grain (135 mg.), was evidently too etroag,' for three of tba 
seven well-inflected leaves were killed. On the other hiuid, mie 
of tho seven, which bad only a few tentacles inflected, le- 
cipanded and seemed qnite healthy after 43 hrs. By employing 
a weaker sointion (viz, one part to 437 of water, or 1 gr. to 
1 oi!.)i doses of 5j^ of a grain (■(WTo mg.) were given to sji 
leaves. Some of these were aS'e<:1cd in 37 nt. ; and in 8 bis, the 
outer toutaelefi of all, as well as tho blades of two, were con- 
siderably inflected. After 23 hrs. 15 m, tho tentacles bad 
almost rc-expanded, but tho blades of the two were etiU jiut 
perceptibly curved inwards. After 48 his, all eix leaves wete 
fully re-expnnded, and appeared perfectly healthy. 

Three leaves were immersed, each in thirty minims of a soin- 
tion of one part to 875 of water (1 gr. to 2 oz.). so that each 
received ^^ of a grain (I'Oi mg.) ; after 40 m. the three wero 
much affected, and after 6 hrs. 45 m, the tontaclea of aU and 
the biwlo of one closely inflected. 

tialium, Sitrate ^(pnre). — Half-minima of a Eolution of one 
part to ■437 of water, contoinint; jJq of a grain ('0075 mg.), 
were phicod on tho discs of fivo leaves. After 1 br, 25 m. tho 
tentacles of marly all, and tho blade of one, were somewhat 
inflected. The inflection coutinned to increase, and in 21 his. 
15 m, the tentacles and tho blades of foor of tbcm were greatly 
affected, and the blade of the fifth to a slight extent. After an 
additional 24 hrs. the four leaves still remained cloeuly inflected, 
whilst the' fifth wa£ U^nning to expand. Four days after tho 
solution had been applied, two of the leaves hod quite, and onu 
had partially, re-cipamlod ; whilst tho remaining two remained 
closely inflected and appeared iiynrcd. 

Three leaves were immersed, each in thirty minims of a eola- 
tion of one part to 875 of water; in 1 br. there was great infleo- 
tion, and after 8 hrs. 15 m. every tentacle and the blades of all 
three wore most strongly inflected. 

Sodium, SuljihtU of. — Half-minims of a solution of one port 
to 437 of water were placed oh tho dJBca of six leaves. After 
S his. 30 m. the tentacles of three of tliem (with the blade of 
one) were considerably, niid tlioso of the other three slightly, 
iufloctod. After 21 hrs. the inflection hod a litUo decroued. 
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and in 45 hrs. tho leaves were fully expanded, appearing quite 
bealthj. 

Three leavee were immersed, each in tliirty minims of a eola- 
liQD of one part of the sulphate to 875 of water ; after 1 hr. 
30 m. there was Eoine inflection, which incrcaecd so much that 
in 8 hra. 10 m. all tho tentacles and the blades of oil throe Icatcb 
vera cloeely inflected. 

Sodium, Phosphaie of, — Half-minima of a Eolation of one part 
to 437 of water were placed on the diace of aii leayos, Tho 
solntioQ acted with cxtraordinar; nipiditj, for in 8 m. the outer 
tentsdos oa sereral of the Icavca were much incurved. After 
6 bn. the tentacles of all six leaves, and tho blades of two, were 
closely inflected. This state of things continued for 24 hre., 
excepting that the blade of » third leaf hccanio incurved. After 
48 hiB. all tho leaves re-espanded. It is clear that -j^i^ of a 
giaiu of phosphate of Eoda has great power in caufiiug in- 
flection. 

Scliiin. Citrate o/'.— Half- minims of a Bolnfinn of one part to 
437 of water wero placed on the discs of sis leaves, hut these 
were not ohsorv^ until 22 lira, had olitpsed. Tho sub- 
marginal tentacles of five of them, and the bloilcs of four, wero 
then found iuSocted ; but tho outer rows of tonlaclea were not 
ofloctcd. One leaf, which appeared older than the others, wae 
Ttay little affected in any way. After 46 hra. four of the leaves 
wero almost re-cspanded, including their blades. Three leaves 
were also immersed, each in thirty minima of a solution of one 
part of the citrate to 875 of water; they were much aclcd 
f)D in 25 m. ; aud after 6 hrs. 35 m. almost all tho tentacles, 
including those of tho outer rows, wero inflected, hut uot tho 
blad(«. 

Sodium, Oxaloie of. — Hatf-millinis of a solutiou of one part to 
437 of water wore placed on the discs of Boven leaves; after 
5 bis. 30 m. the tcn^les of all, and the blades of most of them, 
a much offeeted. In tSi hrs., besides tho inflection of tho 
tentacles, the blades of all seven leaves wero so mnch doubled 
t that their tips aud bases almost touched. On so other 
1 have I seen the blades so strongly affected- Three 

Tf« were also immersed, each in thirty minims of a solution of 

t to 875 of water ; after 30 m. there vraa much iiiflectiou, 

IT 6 hrs. 35 m. the blades of two and tho tentacles of all 

Bely inflected. 

, Chloride of (best culinary salt).— Jlalf-minims of a 

part to 2ia of water woru ploct-d on tho discs 
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of fonr leSTes. Two, nppBrently, wore not at all affected in 
48 lirs. ; the third hod its teDtacl(?s Bh'ghily inflectod; whilst 
the fourth had almost all its tentacles inflected in 21 bis., and 
these did not begin to re-eipund until the fourth day, and were 
not perfectly eipanded on tho Bevcntli day. 1 presume that 
this leaf was injured fay tlie salt Half-nunims of a weaker 
solution, of one part to 437 of water, were tlien dropped on tho 
discs of six leaves, bo that each received -^ of a grain. In 
1 hr. 33 m. there was alight inflection ; and after 5 hra. 30 m. 
tho tentacles of all sis loavea were considerably, but not closely, 
inflected. After 23 iirs. 15 m. all had completely ro-expandcd, 
and did not appear in tho least injured. 

Three loaves wero immersed, each in thirty minims of a solu- 
tion of one part to 875 of water, so that each received -^ of a' 
grain, or 2 '02 mg. After 1 hr. there was much inflection; 
after 8 hrs. 30 m. all tlto tentacles and the blades of all throe 
wero closely inflected. Four other leaves vfcre also immersed 
in the solution, each rcceivin;^ tho same amount of salt 
aa before, viz. j^ of a grain. They all soon became inflected ; 
after 48 hrs. they began to re-eiiiand, and appeared quito un- 
injured, though tho solution was sulficieutly strong to taste 

.^udiufn, lalide of. — Half- minim 3 of a solntion of one part to 
437 of water were placed on the discs of six leaves. After 
a^t bra, four of them had their Modes and many tentacles in- 
flected, Tho other two hod only their snbmarginal tentacles 
inflected; tho outer ones in most of the leaves being but littlo 
affected. After 46 hrs. the Icavoa hod nearly re-eipandod. 
Throe leaves wero also immersed, fach in thirty minims of a 
solution of one part to 875 of water. After G hrs. 30 m, almost 
alt tho tentacles, and the blade of one leaf, were closely inflected. 

Sodium, JSivmidi of. — Half-minima of a solution of one part to 
437 of water were placed on six leaves. After 7 hrs, there waa 
some inflection ; after 22 hrs. throe of the leaves had their blades 
and most of their tentacles inflected ; tho fourth leaf waB very 
slightly, and the fifth and sixth hardly at all, affected. Throo 
Icavoa wero also immersed, each in thirty minims of a solution 
of one part to B75 of water; after 40 m. there was some inflec- 
Hon ; after 4 hrs. the tentacles of all three leaves and the blades 
of two were inflected. These leaves were then placed in water, 
and after 17 hrs. 30 m. two of them wero almost completely, 
anil tho third partially, ro-oxpanded; so that apparently they 
wero not injiu-od. 
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Potauium, Oirhonaie 1/ (pare).— Half-mini ms of a Bolutton 
al one port to 437 of watei were placed on six leaves. No 
effect VB8 produced in 21 hra. ; but aitci 48 hre. Bome of ttie 
ksTee had their teniocles, and one the blade, considerably 
inflected. This, however, seemed the result of their being in- 
juied ; for on the third da; after the solution was given, three of 
the Icavea were dead, and ouo was vei7 nnhcalthj ; the other 
two were recovering, but with several of their tenluclea appa- 
rBDll; injured, and these remained x>ennanently ittfl«:ted. It 
tt evident that the ^^^ of a grain of this salt acts as a poison. 
Three leaves were also immersed, Eiach in thirt; minims of a 
Bolation of one part to 875 of water, though only for 9 hrs. ; and, 
Tcrj differeotl; from what occurs with the salts of soda, no 
inflection ensued. 

Potuuium, Nitrate 0/.— Half-minimB of a strong solution, of 
one part to 109 of water (4 grs. to 1 oz.), were placed on tbo . 
discs of four leaves ; two were much injured, but no inflection 
enaoed. Eight leaves were treated in the same manner, with 
drops of a weaker solution, of one part to 218 of water. After 
50 hrs. there was no inilection, but two of the leaves seemed in- 
jured. Five of these leaves were snbscquenttj tested with drope 
of milk and a solution of gelatine on their discs, and only ono 
became inflected; so that the solution of tlio nitrate of tho 
above strength, acting for 60 hrs., apparently bad injured or 
paralysed tho leaves. Six leaves were then treated in the sarao 
maimer with a still weaker solution, of ono part to 437 of water, 
and these, after 48 hra., were in no way afFected, with Uie excfp- 
tion of perhaps a single leaf. Three leaves were next immersed 
for 25 hrs., each in thirty minims of a solution of one part to 
875 of water, and this produced no apparent effect They were 
then put into a solntion of one part of carlxin.tto of ammonia 
to 218 of water; Uie glands wcro immediately blackened, and 
after 1 hr. there was soma inilection, and tho protoplasmic con- 
tents of the cells become plainly aggregated. This shows tliat 
the leaves had not been much injured by their immcjsioa for 
25 hrs. in the nitrate. 

J'ot'issiiim, Suifhate n/.— Half-minims of 'a solution of one part 
to 437 of water were placed on the discs of six leaves. After 
20 hrs, SO m. no effect was produced ; after an additional 24 hra. 
three remained quite nnaffectcd ; two seemed injured, and tlio 
sixth seemed almost dead with its tentacles inflected. Never- 
theless, after two additional days, all six leaves recovered. Tho 
iiumeisioa of three leaves for 21 hra., each in thirty minims of 
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a solotion of ono part to S76 of water, prodnccii no apparent 
effocL They were then treated with the same Bolution of car- 
bonate of ammonin, with tho samo roault as in the case of the 
njtmte of potash, 

Polassima, Phosphnlt of. — Ilalf-niituma of a solution of ono 
part to 437 of water ncre plaecd ou the discs of six leayes, 
which were observed doriug three days ; bnt no effbct was pro- 
duced. The partial drying up of t)to fluid on the diac sligfatlj 
drew together the tentacles on it, as often oceurs in eiperi- 
ineots of this kind. Tho Ii^yes oa the third day appeared quite 
iioalthy. 

l'<dii»sium. Citrate o/.— Half-minims of a solution of one part 
to 437 of water, left on tho discs of six loaves for three days, 
and tho immersion of three loaves for 9 lirs., each in 30 minimH 
of a solution of ouo port to B75 of water, did not prodnco tho 
least effect. 

J'otnesiiim, Oxalate if. — Half-miniiiiB wore placed on different 
occasions on tho discs of sovontoon Ituvcs ; and tho results per- 
plexed mo much, as they still do. luilectiou enpervonod very 
slowly. After Si hrs. four leaves out of tho seventeen were well 
iuflccied, together with tho blades of two; six were slightly 
affected, and seven not at all. Three leaves of ono lot were 
observed for fivo days, and all died; but in another lot ot 
sis, all excepting ono looked healthy after four days, Threo 
leaves wcro immersed during 9 hrs., csch in 30 minims of 
a solution of ono part to B75 of water, and were not in tho 
least affected; but thoy ought to have boon observed for a 
longer time. 

I'olassium, Chloride uf. Neither half-minims of a solution of 
one part to 437 of water, left on tho discs of six leaves for three 
days, nor tho immersion of three leaves during 23 hrs., in 
30 minima of a solution of ono part to 875 of water, produced 
tho least offtct. Tbo immersed leaves were then treated with 
carbonate of ammonia, afl described under nitrato of potash, and 
with tho same result. 

/"oi'iflfliiun. Iodide, o/.— Half-minims of a solution of ono part 
to 437 of water wore placed on the discs of seven ieavea. In 
30 m. ono leaf had tho blade inflected; after some houre three 
leaves had most of their Bubmorginal tentacles moderately in- 
ilectnl; tho remaining three boing very slightly affected. 
Hardly any of these leaves had their outer tentacles inflected. 
After 21 hrs. all ro-cxpanded. eiceptinj^ two which still had a 
few Bubmarginal teutitcloa inlleettd. Three leaves were next 
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iwDencd Cor 8 hrs. 40 m., each in 30 minimB of a solution of 
oMpirt to 875 of ■water, and were not in tho least nEfocteJ. I 
da Dift know ^rhat to couclude from this conflicting cridcni?« ; 
tetitia clear that tho iodide of potasaiiira docs not generally 
podoce any marked effect 

i'litcunutn. Bromide of. — Hiilf-mimma of a Bolntion of one part 
to^ of waiter wore placed on tlio discs of mx leaves ; after 
21 bis. OQO hod its blade and man? tentacles inflected, but I 
mpect that mi insect might huTe alighted on it and then 
BKapcd; the five other leaves were in no way affected. I 
tcfited three of these leaves with bite of meat, and after 24 Yon. 
tliBj became splendidly inflected. Three leaves were also im- 
meiBed for 21 fars. in 30 minims of a solntioa of one port to 875 
of water; but thej were not at all affectLiI, ciccpting that tho 
gUnds looked rather ]mle. 

Lithium, Acetate u/.—Fani Icavcfl were inuncrscd together in 
& TCffiel containing 120 minims of a solation of one part to 4^7 
of water; bo that each received, if tlio leavcfl absorbed equally, 
^ of a gnvin. After 24 hrs. there was no inflection, 1 then 
added, for the sako of testing tho leavefl, some strong sotnlion 
(riz. 1 gr. to 20 oz,, or one part to B7o0 of water) of plioaphato 
of anunoQiA, and all fonr liecame in 30 m. cloHcIy inflected. 

Lithium, Nitrate of. — Four leaves were immersed, as in tho 
list csBe, in 120 minims of a Bolution of one part lo 437 of 
■water; after 1 h. 30 m. all four were a Uttlo, and after 24 lira. 
gre«tl;, inflected. 1 then diluted the solution with some 
water, bnt they still rcniiuncd somewhat inflected on tho thii^d 

Cfwi'um, Chloride of. — Fonr leaves were immersed, as atwve, in 
120 mi Dims of a solution of one part to 437 of water. After 
1 hr. 5 m. the glands were darkened; after 4 hrs. 20 m. there 
WM a trace of inflection; after 6 hrs. 40 m. two leaves wero 
greatly, but not closely, and the other two eonsiderably inflected. 
After 32 hrs. tho inflection was eitremely grcAt, and two hn^l 
their bladea inflected. I then transferred the leaves into water, 
and in 46 hrs. from their first immcrBiou they were almost ro- 
espuided. 

Jluhiilium, CMorvle o/.— Fonr leaves which wero immnrBod, as 
above, in 120 minims of a solution of one ])art to '187 of water, 
were not acted on in 22 hrs. I then added some of tho strong 
Eolation (I gr. to 20 oz.) of phosphate of ammonia, and tu 30 m. 
all WBTo immensely inflected. 

tiUper, Nitrata t/. — Tinoo leaves wore immersed in ninety 
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minimB of a Bolntion of ono part to 437 of water; bo that each 
received, as heforo, ^ of ft grain. After 5 m. Blight inflection, 
and after 11 m. very strong inflection, the glands becoming 
Gxcessiyely black ; after 40 m. all the tentacles were closely 
inflected. After 6 hrs. the leaves wero takes out of the solution, 
washed, and placed in water; but next morning thoy were 
ovidently dead. 

Calcium, Aaliite of. — Four leaves Wero immersed in 120 minims 
of a solution of one part to 437 of water; after 21 hra. none of 
the tentacles were inflectwl, excepting a few where the blade 
joined the petiole ; and tliis may liave been caused by tho 
absorption of the salt by tho cut-off end of the petiole. I then 
added some of the solution (1 gr. to 20 oz.) of phospate of 
aounonia, hut tliis to my surprise ejcited only slight inflection, 
oven after 21 hrs. Hence it would appear that the acetato had 
rendered the leaves torpid. 

Oidciiim, Nitrate c/.— Four leaves wore immersed in 120 minims 
of 8 solution of ono part to 437 oE water, but were not affocleii 
in 21 hrs. I then added Eomo of the solution of ]>hoBphato of 
ammonia (1 gr. to '20 oz,), hut this caused only very slight in- 
flection after 21 hra. A fresh leaf was next put into a miicil 
solution of tho above etrongtha of tho nitrate of calcium and 
plioephato of ammonia, and it became closely inflected in between 
5 m. and 10 m. Half-minima of a solution of ono part of the 
nitrate of calcium to 218 of water wero dropped on the discs of 
tliree leaves, but produced no effect. 

Magnesium, Acetate, Nitrate, and Chloride af, — Four loaves were 
immersed in 120 minims of solutions, of one part to 437 of waleri 
of each of these threo salts ; after 6 hrs. there was no inflection ; 
but after 2"2 hrs. one of the leaves in tho acetate was rather more 
inflected than generally occurs from an immersion for this 
length of time in water, Bome of the solution (1 gr. to 20 oz,) 
of phosphate of ammonia was thon added to tho Utreo soluttouB. 
The IcaTca in the acetate mixed with tho phosphate underwent 
Bomo inflection; and this was well pronounced after 24 hrs. 
Those in tho mixed nitrate wero decidedly inflected in 4 hrs, 
SO m., but tho degree of inflection did not afterwards much 
increase ; whereas the four leaves in tho mixed chloride were 
greatly inflected in a few miuntcs, and after 4 lirs. had almost 
every tentacle closely inflected. Wo thus see that the acetate 
and nitrate of magnesium injure tho leaves, or at least prevent 
the Bubsoiiuent action of phospliato of ammonia; ffhoreas the 
chloride haa no such tcndcocy. 
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Maynaium, Svlphale i-f. — Hal f-mJiiimB of n Bolulionof one part 
to 218 of water were placod oq the di»cs of tea lutTca, aail pro- 
duced no effect. 

Barium, Atetale o/".— Foilr leaves were immerecd in 120 ininlniB 
of ft eolation of one part to 437 of water, and after ^ hrs. thtro 
w«a no inflection, but the gknda were blucltoned. The leaves 
were then placed in a Rolntion (1 gr. to 20 oz.) of plioRphntc of 
unmonia, which caused after 2G bis. only a little infltiction iu 
two of the learex. 

Barium, NiCtuie of. — Four leaves were immersfd in 120 minims 
of B eolation of one part to 437 of water ; nod after 22 hrs. there 
iras no more than that slight degree of inflection, which often 
follows from on immersion of this length in pure water. 1 
then added some of the some solulion of pboepbatc of ammonia, 
end after 30 m. one leaf was greatly iiilleclod, two others 
moderately, and the fourth not at alL Tlio leaves remained 
in this state for 2i hrs. 

Htntntiim, A>i<tule o/.— Four leaves, immersed in 120 minims of 
a Bolntion of one part to 437 of water, were not affvetc<l in 
23 hrs. Tliey were then placed in sonje of the same solatmn 
of phoffphate of ammonia, and in 23 m. two of tliem were 
greatly inflected ; after b hrs. the third leaf was considerably 
inflected, and the fourth exhibited a trace of inflection. They 
were in the some stale nest morning. 

Stronliam, Kitrate '/.—Five haves were immerRcd in 120 
lainims of a solution of one part to 137 of watvr; after 22 hrs. 
there wm some alight inflection, hut not more than Bomotimt* 
occurs with leaves in water. They were then placed in the 
Game solution of phosphate of ammonia; after 8 hrs, three of 
Ibcm were moderately jnfleeted, os were all fire after 21 hrs. ; 
but not one was closely inflected. It appears that the nitrate of 
strontium renders the leaves lutlf torpid. 

CWmium, VbUmcU i/f. — Thrco leaves were immersed in ninety 
inj -niinii of a eolation of one part to 437 of water; after 5 hrs. 
SO m. slight inflection occurred, which inerciuicd during the 
next three hours. After 24 hrs. all three leaves had their 
tentoclefl well inflected, and remained so for an additional 24 
hrs. ; glands not discoloured. 

Mrrcury, PercMorideof. — Throe leaves were immersed in ninply 
minime of a solution of one part to 437 of water ; ofter 22 ni. 
there was some slight inflection, which in 48 m. l>ecamo well 
pronounced ; the glands were now liluclcened. After 5 hrs. 
35 m. all the tentacles closely inflected; otler 2-4 la's, still 
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infloctod nnd diHcoloured. Tho leaves were then removed and 
left for two dftja in water; but the? never re-czpanded, beiug 
lividenlly dead. 

Xi'ic, Clitoriile of, — Tliree leaves immersed in ninety minims 
of a solution of one port to 437 of water were not affected io 
25 hrs. 30 m. 

Aluminium, CMoriilf i/.—Taur leavoH were immer^ in 120 
minima of a eolation of one part to 437 of wator; after 7 hrs. 
45 m. no inflection; after 21 hrs. one l&if rather closeljr, the 
Fecond moderately, the third nnd fourth hanlly at all, inflected. 
The evidence is doubtful, bat 1 thiuk noma power in slowly 
causing inflection m\ist be attributed to thia nalt. These leaves 
wero then placed in tho solution (1 rt. to 20 oz.) of phosphato 
of ammonia, and after 7 hrs. 30 m. tho three, which had been 
but little affected by the chloride, became rather closely in- 
floctod. 

Aluminium, Nitrite </. — Four leaves were immersed in 120 
minima of ablution of one part to 437 of water; after 7 hrs. 
45 m. there was only a trace of inflection ; after 24 hrs. one leaf 
was moderately inflected. The evidence is here again doubtful, 
an in tho caae of the chloride of aluminium. The leaves weru 
then transferred to the aamc solution, aa before, of phosphate of 
ammonia; this produced Itardly any effect in 7 hrs. 30 m.; bnt 
after 25 hrs. one leaf was pretty closely inflected, the throe 
others very slightly, perhaps not more so than from water. 

Aluminium awl fofimium, Si>lphaif of (common alum).— Half- 
minima of a solution of the usual slrengtU wero placed on the 
discB of nine leaves, hut produced no i-ffiict. 

QM, Chloridf o/.— Seven leaves were immrrscd in so ranch of 
ft solution of one part to 437 of water that each received 
30 minima, containing ^l of a grain, or 4-04S mg., of the chloride. 
There was iiorae inflection in 8 m., which Viecame extreme in 
45 m. In 3 hrs. tho Kurrounding fluid was colonred purple, and 
the glands were blaekened. After (! hrs. tho leavea were trans- 
ferred to water; next morning they wero found discoloured and 
evidently killed. The secretion decomposes the chloride very 
readily; tho glands theraselvcs Incoming coated with the 
thinnest layer of metallic gold, and particles float abont on 
the anrface of tho surrounding fluid. 

Leail, Chlia-idt! of. — Three leaves wore immersed in nincly 
minima of a aolution of one part to 437 of water. After 23 hrs. 
there was not a truce of inflection ; the glands were not blaekenod, 
and the leaves did not appear injured. They were then tiaiu- 
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fomd to the Gohitian (1 pr. to 20 oz,) of phosiihata of ammonia, 
and after U hra. two of them wcro Bomcwliat, the third very 
little, inflected; and tiicj tliuii rciuiiinod for anutht-r 21 hre. 

7i.), VhUtri-lt o/.— Four leaves were immersed in 120 minima 
of a Bolntion of about one part (all not being diseolved) lo 437 of 
water. After 4 bra. no effect; after G lira. 30 m. all four Icavca 
had their submarginal tentacles inflected ; after 22 hrH. every 
single tentacle and the blades were closel; inflected. The anr- 
roonding fluid was now colonrod pink. The leavee were washed 
and trsnaferred to water, bat next morning were evidently dead. 
This chloride is a deadly poison, bnt acts slowly. 

Anlimmit), T<irtr'ite -/.— Tliree leaves were immersed in ninely 
minims of a eolntion of one part to 437 of water. After 8 lirs. 
30 m. there was alight inflccttoD; after 2i hra. two of the leavea 
were closely, and the third mrdcrately, inflected; glaniis-tiot 
nrach darkened. The leaves were washed and placed in water, 
tut tbey remained in the same state for iU additional buurs. 
This salt is probably poisonous, but acts slowly. 

Artenioui Ad-I.^A. solution of one part to 437 of water ; three 
leaves were immersed in nine'y minims ; in 35 m. considumblo 
inflection ; in 1 h. great inflection ; glands not discoloured. After 
6 hrs. the leavea were tranaferred to water ; next morning they 
looked fresh, bnt after four days wcro jmle-coloured, hud not 
re-expanded, and were evidently dead. 

iron, C'filuride of. — Three leavea were immorsei in ninety 
minims of a solutioB of one part lo 437 of water ; in B hrs. no 
inflection; but after 24 hra. considerable iaflection; glands 
blackened; fluid coloured yellow, with flouling floccnient 
particles of oxide of iron. The leaves were then placed in 
water; after 48 hrs. they had re-expanded a very little, but I 
think were killed ; glands escesBivcly bla»k. 

Chrtmiie Acid. — One part to 437 of water; throe leaves were 
immersed in ninety minima; in 30 m. some, and in 1 hr. con- 
sidcrabte, inflection; after 2 hra. all tlio tenluclea closely in- 
flected, with tlio glands discoloured. Placed in water, next 
day leaves quite discoloured and evidently killed. 

Mangaiirtf, Chluride of. — Three leaves immersed in ninety 
minima of a solution of one part to 437 of water ; after 22 his. 
no more inflection than often occurs in water; glands not 
blackened. Tho leaves were then placed in the usual solution 
of phosphate of ammonia, but no inflectiou was caused even 
afl«i48hrB. 

Confer, CJdvride i/. — Three leaves immirscd in ninety minima 
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of SBolntiniKifone part to 437 of water; after 2 hrR.eome infleo- 
tian; after 3 hrs. 45 m. teutsclcs closel; inflected, with the 
glands Mackeoed. After 22 Iitr. etill closotf inflects, and tho 
ItiiLTea flaccid. Placed in pure water, next day evidently dead. 
A rapid poison. 

Hichl, Chloride o/.— Three leaTos immersed in ninety mininis 
of a solution of one part to 437 of water ; in 2a m. considerablo 
inflection, and in 3 hrs. all the tcotaclcs closely inflected. After 
22 hrs. still closely inflected; most of the glands, hut not all, 
blackened. The leaves were then plared in water ; after 24 hni. 
remained inflected ; were somewhat discolouicd, with the glands 
and tentacles dingy red. Proliably killed. 

Cobalt, Chloride vf. — Three leaves immersed in ninety minims 
of a solution of one part to 4it7 of water ; after 23 hrs. there 
was not a trace of inflection, and the glands were not more 
blackened than often occurs after an eijually long immersion in 
wftter. 

J'latii'um, Chloride nf.—llhxtie leaves unmersed in ninety 
minims of a solution of one part to 437 of water ; in G m. some 
inflection, which became immense ofter 48 m. After 3 hrs. Ilie 
glands were rather pale. After 24 hrs. all the tentacles still 
closely inflected; glands colourless; remained in same Btate for 
four days; leaves evidently killed. 

Conduding Bemark^ on the Action of the foregoing 
Salts. — Of the fii'ty-ono siUta and metallic acids wbich 
were tried, twenty-five caused the tentacles to be in- 
flected, iiiid twenty-six liad no suL-h effect, two rather 
doubtful eases occurring in each series. In the table 
at the head of tbis discussion, the suits are arranged 
according to their chemical affinities ; but their action 
on Droscra does nut seem to be thus governed. The 
nature of the base is far more important, as far as can 
be judged from tho few experiments here given, than 
that of the acid ; and this is tho conclusion at which 
jihysiologists have arrived with respect to animals. 
We see this fuet illustrated in all the nine salts of 
soda causing inflecliim, and in not being poisonous 
except wlieu given in largo doses; whereas seven of 
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the corresponding salts of jjotaah do not cause inflec- 
tion, and some of thpm are poisonous. Two of them, 
however, viz. the oxalate and iodide of potasli, slowly 
induced a slight and nither doubtful amount of iuflee- 
tion. This diflTerence between the tivo scTies is inter- 
esting, as Dr. Burdun Sanderson informs me that 
sodium salts may be introduced in largo doses into 
the circulation of mammals without any injurinus 
effects ; whilst amail doses of potassium salts eause 
death by suddeidy arresting the movements of the 
. heart. An excellent instance of the different action 
of the two aeries is presented by the phosphate of 
soda quickly causing vigorous inflection, whilst phos- 
phate of potash is quite inefficient. The great power 
of the former is probably due to the presence of 
phoephoros, as in the cases of phosphate of lime and 
of ammonia. Hence we may infer that Drosera cannot 
obtain phosphorus from the phosphate of potash. This 
is remarkable, as I hear from Dr. Bunion Sanderson 
that phosphate of potash is certainly decomposed 
within the bodies of animals. Most of the salts of 
Boda act very rapidly ; the iodide acting slowest. The 
oxalate, nitrate, and citrate seem to have a special 
tendency to cause tho blade of the leaf to be inflected. 
The glands of the disc, after absorbing the citrate, 
transmit hardly any motor impulse to the outer 
ten^les; and in this character the citrate of soda 
resembles the citrate of ammonia, or a decoction of 
grass-leaves; these three fluids all acting chiefly on 
the blade. 

It seems opposed to the rnlo of the preponderant 
influence of the base that the nitrate of lithium 
causes modcnitely rapid inflection, whereas the acetate 
causes none ; but this metal is closely allied to sodium 
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and potassium," which act so differently ; therefore 
wc might expect that its actiou would be inter- 
mediate. We see, also, that cesium causes inflection, 
and rubidium does not; and these two metals are 
allied to sodium and potassium. Most of the earthy 
salts are inoperative. Two salts of calcium, four of 
magnesium, two of barium, and two of strontium, did 
not cause any iufloction, and thus follow the rule of 
the preponderant power of the base. Of three salts 
of aluminium, one did not act, a second showed a 
trace of action, and the third acted slowly and doubt- 
fully, so that their effects are nearly alike. 

Of the salts and acids of ordinary metals, seventeen 
were tried, and only four, namely those of zinc, lead, 
manganese, and cob-.ilt, failt^d to cause inflection. The 
salts of cadmium, tin, antimony, and iron, act slowly ; 
and the three latter seem more or less poisonous. The 
salts of silver, mercury, goW, copper, nickel, and 
platinum, chromic and arsenious acids, cause great 
iuflectiou with extreme quickness, and arc deadly 
poisons. It is surprising, judging from animals, that 
lead and barium should not be poisonous. Most of the 
poisonous salts make tlie glands black, but chloride of 
jdatinum made them very pale. I shall have occasion, 
in the nest chapter, to add a few remarks on the dif- 
ferent effects of i)hos]>hate of ammonia on leaves pre- 
viously immersed in various solutions. 

AflDS. 

I will fir.st give, as in the case of the salts, a list 
of the twenty-four acids which were tried, divided into 
two series, according as they cause or do not cause 
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TUE EFFECTS OF ACID8. 



inflection. After describing the cxi)erimeiits, a few 
cuDoIudiug remarks nill be added. 



I. Nibic, ctrang mfleciioai pol- 

t Bjtdtfchlnrip, moderate and 

•low inllectioD ; nol poisonmiB. 

3. Hrdriodic, Btraog inQectimi ; 



ACIDB, prLCTBD TO THE 

Infleciium. 

1. Oollio; nit pniwinoiia. 

2. Tauuia ; not poisiitioue 



4. InUc, Bl 



ttiong ioflectinD : pni- 

5. Sulphuric, EtroDg iDflection ; 

loniL-what poisnuoiu. 
G. PlKMphoric, itrong iuflwtion ; 

7. Boncic, moderate and rather 

ilow inflectioD : not pououniu. 

i. Formio, Tory aliglit iufloo- 



S. Acetic, atroDtr aiid rapid 

flection; poiaotiouR. 
10. Propionic, atrong but not n 

iKpid infloctiou ; pi>iMiiinm 
IL Oleic, quick iuflL-ction ; vi 

poiKinouB. 
11 QKbolic, very slow infleeli' 

jKiimnouB. 
11 1«i>Ue, slow and modcralc 

Beotina; poisonriua. 
H Oxalic, modunituly nuh'k 

BeetiDDi vurj pniiviDiiua. 
U, Malic, Tcrjr alow l>ul m 

able inflection : not piiei 
tS, Benzoic, rapid iuQi'Clion, 

poiaonooa. 
17. SDocinie, tnodcralcly 

inflectioti ; niodetutcly 



iiii>id,..r- 



IS. Hippnrie, ratbcr <low ioftei 

tiou; poiaoQona. 
19. HTdrocyanic, ratbcr rapid it 

fleeUoa ; \ery poiHuuous. 



KilHe Acid. — Foar leaves were placwl, each in thirty minims 
of one p«rt by weight ot the acid to 437 of water, bo that each 
i«oeiTed Vx "f ^ grain, or 4'(M8 mg. Tltis strcnf;th wan (^hoBrn 
kt this and moat of the foUowing expcrimeute, as it is the Rome 
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OS that of most of the foregoing saline solutions. In 2 hrs. 30 m. 
Bomo of tho leaTOB wore considerably, and in 6 hra, 30 m. all 
were immensely, inflected, oa were their biftdia. Tho surround- 
ing fluid was slightly coloiu'ed pink, which alwaya shows that 
tho luavoB have been injured. They were then left in water for 
throe days; but they remained inflected and were evidently 
killed. Most of tiie glands had become colourless. Two leaves 
were tliou immersed, each in thirty mioims of one part to 1000 
of water ; in a few houre there was some inflection ; and after 
'2i hrs. both leaves had almost all their tentacles ami blades in- 
flected ; they were left in water tor throe days, and one partially 
re-ospnnded and recovered. Two leaves were next immersed, 
each in thirty minims of one part to 2OU0 of water ; this pro- 
duced very little effect, except that most of the tentacles oloee 
to the summit of the ixitiole were inflected, bs if the acid hod 
been ahsorliod by tho cut -off end. 

Jlydrocljloric Add. — One part to 437of water ; four leayeaicere 
immersed as before, each in thirty miuims. After 6 hrs. only 
one leaf was cnnsidcrably inflected. After 8 hrs. 15 m. one hod 
its tentacles and blade well inflected; the other tliroe were 
moderately inflected, and the blade of one slightly. Tho 
surrounding fluid woa not coloured at all pink. After 33 hrs. 
threo of these four leaves l)egftn to nMispand, but their glands 
were of a pink instead of a red colour ; after two more days 
they fully ro-eipanded ; but the fourth leaf remained inflected, 
and seemed much injured or killed, with itB glands white. 
Four leaves were then treated, each with thirty minims of one port 
to B75 of water; after 21 lira, they were moderately inflected ; 
and on being transferred to water, fully rc-expandcd in two days, 
and seemed quite healthy. 

Jlydriudic Acid. — One to 437 of water; three leaToa were im- 
mcrBcd as before, cauh in thirty minims. After 45 m. the gUnds 
were dcsooloured, and the surrounding fluid became pinkish, but 
there was no inflection. After 5 hrs. all tho tentiielea wora 
closely inficetcd; and an immense amount of mnciis was sccrotod, 
so that tho fluid could be drawn out into long ropes. The leaves 
were then placed in water, but never re-cxpanded, and were evi- 
dently killed. Four leaves were ncit immersed in one part to 875 
of water ; the action was now slower, but after ^2 hrs. all four 
loaves were closely inflected, and were afliicti^l in other respects 
OS above deserilied. Tlieso leaves did not re-espand, though 
left for four days in water. This acid acts far more powerfully 
than hydroclitoric, and is [loisotiouH. 

Iodic Acid, — One to 437 of water ; three leaves were immersed. 
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noh in thirty raiaimf) ; fifttir 3 his. strong inScction ; after i bra. 
fjaada dsik brown ; after 8 bxs. 30 m. close iuflection, and tho 
Ihtw had become flaccid ; eorroaiidiDs fluid not coloured y'mk. 
Tbene leaves were then placed in water, utid next day wero 
CTJdently dead. 

Suipkuric AciJ. — One to 437 of water; four loaves were itn- 
nrased, each in thirty miuims; after 4 hrs. great inflection; 
after 6 his. snrronndiug fluid Just tinged pink ; they wore tlicn 
pUced in water, and after 4G hrs. two of thorn were etitl closely 
inflected, two beginning to re-eipand ; mauy of the glands 
eolontlesB. This acid is not so jtoisonoua as hydriodic or iudio 

thotpiiorie Add. — One to 437 of water ; throe leaves wore 
immereed ti^ether in ninety minims; after 5 hrs. 30 m. some 
iuflection, aod some glands colourless; after jj bra, all thu 
tentAclee closely inflected, and many glands colourless ; surround- 
ing fluid pink. Left in water for two days and a half, nimBincd 
in the same state and appeared dead. 

Bomcie Anid. — One to 437 of water; four leaves were im- 
mersed together in 120 minima ; after G bra. very slight inflection ; 
after 8 hrs. 15 m. two were considerably inflected, tlie other two 
slightly. After 24 hrs. one leaf was rather closely inflected, 
the second less closely, the third and fourth moderately. The 
leaves were washed and pat into water; after 24 hrs. they 
were ahnofit fully re-eijianded and lookediiealthy. This acid 
igreea cloBcly with hydrochloric aeid of the same strength iu 
its power of causing inflection, and in not being poisonous. 

Formic Acid. — Four leaves were ImmerRtd tofiether in 120 
mj iiinm of one port to 4b7 of water ; after 40 m. slight, and after 
6 hrs. 30 m. very moderate inflection ; after 22 hrs, only a, littlo 
more inflection than often oecura in water. Two of the leaves 
were then washed and placed in a solution (I gr. to 20 ox.) of 
phosphate of ammonia; after 24 hrs. they were eonsidorably 
inflected, with the contents of their cells aggregated, showing 
that the phosphate had acted, though not to tho full and 
ordinary degree. 

Acetic Acid. — Four leaves were iramtrsed together in 120 
mimms of one part to 437 of water. In 1 hr. 20 m. the tentacles 
of all four and tho blades of two wore greatly inflected. After 
S IiTB. the leaves had become flaccid, but still remained closely 
inflected, tho surrounding fluid being coloured pink. They were 
then washed and placed in water ; nest morning they were still 
inflected and of a very dark red colour, bnt with their glands 
ocdonrleeB. After imothor day they were diogy-colouied, and 
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evidonUj dead. Tliis aciJ is far more powerful than formic, and 
ia highly poiEonous. Ualf-raiDiin drops of a stronger mixttiro 
(yiz. one part by measure to 320 of water) were placed on tha 
discs of five leaves ; none of the exterior tentacles, only those 
on the borders of the disc which actiiall; absorlied the acid, 
became inflected. Probably the dose was too strong and para- 
lysed the leaves, for drops of a weaker miitnrc caused mnch 
inflection; aoTertheless the leaves all died aftor two days. 

Propionic Acid. — Three leaves were immersed in ninety minims 
of amiitnreof one part to 437 of water; in 1 hr. 50 m. there 
was no inflection ; Imt after 3 hrs. 40 m. one leaf was greatly 
inflected, and the other two slightly. The inflection eontinned 
to incroa-io, so that in 8 hrs. all throe luaves were closely in- 
Soctul. Nest morning, after 20 brs., mt«t of the glands were 
very paie, but some few were almost black. No mncos bad been 
eecreted, and the surrounding fluid was only just perceptibly 
tinted of a pale pink. After 46 hrs. tiio leaves became sli^'htly 
flaccid and were evidently killed, as was afterwards proved to 
bo the ca.se by keeping them in water. The protoplasm in the 
closely inflected tentacles was not in the least aggregated, bnt 
towards their bo^es it was collected in little brownish masses at 
tlia bottoms ot the cells. This protoplasm was dead, for on 
leaving the leaf in a solution of carbonate of ammonia, do 
aggregation ensued. Propionic acid is highly poisonous to 
Brosera, like its aHy acetic acid, but induces inflection at a 
much slower rate. 

Okie Aciil (given me by Prof Franfcland), — Three leaves were 
immersed in this acid; some tnflection was almost immediately 
caused, which increased slightly, but then ceased, and the leaves 
seemed killed. Neit morning they were rather BhriTolled, and 
many of the glands had fallen ofT the tentacles. Brope of this 
acid were placed on the discs of four leaves; in 40 m. all the 
tentacles were greatly inflected, exeepting the extreme marginal 
ones ; and many of these after 3 hrs. became inflected. I was 
led to try this acid from supposing that it was preaent (which 
does not seem to bo the case)* ia olive oil, the action ot which 
ia anomalous. Thus drops of tliis oil placed on the disc do not 
cause the onter tentacles to be inflected ; yet when minute 
drops were added to the secretion surrounding the glands of the 
outer toiitacles, these were occasionally, hut by means always, 
inflected. Two leaves were also immersed in this oil, and there 

" Pee articles on Glycerine ua.i Oleic Acid in Wutts' 'Diet, of 
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was no inflection for about 12 hrs.; bnt after 23 li»<. atmost all 
the tentacIcB were inflected. Three leaves were likewise im- 
mersed in unboiled lineccd oil, and soon became somcwbut, and 
in 3 hts. greatlj, inflected. After 1 br. tho Bccretion round tlie 
gtonds was coloured pink. I infer from tbis latter fact that the 
power of linseed oil to cause inflection cannot be attribated to 
the aJbnmin wbicb it is said to contain. 

Carbolic Acid, — Two leaves were immersed in eiitj minima of 
a solution of 1 gr- to 437 ot water; in 7 brs. one woa slightly, 
and in 34 hrs. both were closely, inflected, with a eurprisiug 
amount of mucus secreted. These leaves were washed nnd left 
for two days in water; they remained inflected ; most of their 
glands became pale, and they seemed dead. Tbis acid is 
poisonous, but does not act nearly so rapidly or powerfully aa 
migtit have been expected from its known deetmctive power ou 
the lowest organisms. Half-minims of the same solution were 
placed on thediscsof throe leaves; after24hrB. no inflection of the 
ontet tentacles ensueil, ond when bits of meat were given them, 
they became fairly well inflected. Again half-minims of a 
stronger solution, of one part to 218 of water, were placed on the 
discs of three loves ; no inflection of Ibe outer tentacles eoauod ; 
bits of meat were then given as before ; one leaf alone became 
well inflected, the discal glands of tbo other two appearing 
mnch injured and dry. Wo tlius see that the glands of 
the discs, after absorbing this acid, rarely transmit ony motor 
impulse to the onter tentacles; though these, when their own 
glauds absorb the acid, are strongly acted on. 

LtelU: AciJ. — Tlireo leaves were immersed in ninety minims of 
one port to 437 of water. After 48 m. there was no inflection, 
bnt the sairouudlng fluid was coloured pink; nCtur U hrs, 
30 m. one leaf alone was a little inflected, and almost all 
the glands on all three leaves were of a very pale colour. 
The leaves were then wagbed and placed in a sohitiou (I gr. 
to 20 oz.) of phosphate of ammouia ; after atiout 16 hrs. there 
was only a trace of infloclion. They were left in the phospliato 
for 48 brs,, and remained in the some state, with almost all 
their glands discoloured. The protoplasm witliin tho cells 
was not apgregated, except in a very few tentacles, the glands 
of which wore not much tliscolourod. I believe, therefore, 
that almost all tbo glaud» and tentacles had been kEllixl by 
the acid BO suddenly that hardly any inflection was caused. 
Four leaves were neit inunctsed in 120 minims of » weaker 
atdntion, of one port to 875 of water; after 2 lirs. 30 m. tho 
BurrooDdJng fluid was quite pink ; the glands were palu, bnt 
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there vias no inflection; after 7 hrs. 30 m. tiTo of the leaves 
Ghowed some inflecUon, and tbe gliuulB were" almost vhite; 
after 21 lira, two of the leavea were considerably inflected, 
and a third slightly; most of the glands were white, tbe others 
dark red. After 4o his. one leaf Lad almost every tentacle Jn- 
flocted ; a second a large number ; the third and foortb very few ; 
almost all the glands were TChit«, excepting thoee on the discs of 
two of the leaves, and many of these were very dark red. Tbe 
leaves appeared dead. Uence lactic acid acts in a very peculiar 
manner, cansing inflection at on extraordinarily stow rate, and 
beiug highly poisonous. Immersion in even weaker solntious, 
viz. of one part to 1313 and 1750 of water, apjiarently killed the 
leaves (the tentacles after a time being l>owed backn'ardB), and 
rendered the glands white, but caused no inflection. 

GaUir, T.innic, Taiiarif, and UilHe Acidt.—Oae part to 437 of 
water. Three or four leavea were imnierBcd, each in thirty 
minims of these four solutions.so that each leaf received -j'; of a 
grain, or 4'U4y mg. No inflectiuu was caused in 24 hrs., and the 
leaves di<l not appear at all injured. Those which had been in 
the tannic and tartaric acids were placed in a solution (I gr. to 
W oz.) of phosphate of ammonia, but no inflection ensued in 
24 hrs. On the other hand, the four leaves irhich had lieen in 
the citric acid, when treated with the phosphate, became decidedly 
inflected in 50 m. and strongly inflected after b Ins., and so 
remained for the nest 24 hts. 

M-iUc Aciil. — Three leavea were immersed in ninety minims of 
a solution of one part to 437 of water; no inflection was caus(<d 
in 8 hrs, '20 m., but after 24 hrs. two of them were considerably, 
and the tliirJ slightly, inflected — moio so than could be ac- 
counted for by the action of water. No great amount of macns 
was secreted, Tiiey were then placed in water, and afler two 
days partially re-ciimndeil. Hence this acid is not poisonons. 

Oxalic Aciil, — Three leaves Wore immersed in ninety minims of 
a solution of 1 gr. to 437 of water ; after 2 lirs. 10 m. there was 
much inflection; glands palo; tho surrounding fluid of a dark 
pink colour; after 8 hrs. ciccssive infloolioo. The leaves were 
then pliujed in water ; after about IG hrs. the tentacles were of 
a very dark red colonr, like those of the leaves in acetic acid. 
After 24 additional hours, the three leaves were dead and their 
glands colourless. 

Benzoic Add, — Five leaves were immorBod, each in thirty 
minima of a solution of 1 gr. to 437 of water. This solution waa 
BO weak that it only juet tasted acid, yet, as wo shall see, waa 
highly poisonous to Droscru. After 52 m. tho sabtna^pnal 
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tcDtacIes were eomewhat intlcctod, ftod all the glands Tcr; palc- 
colonredi the surronnding fluid was coloured pink. On one 
oocaeion the fluid boc&me piuk in the course of onlj 12m., and 
the gl«nds ae white as if tlio leaf had been dipped in boiling 
wktor. Alter 4 bis. mach inflection ; but none of the tentacles 
were cloeelj inflected, owing, as I beUevc, to their having been 
panlysed before thej had time to complete their moTemenl 
An extraordinary quantity of mucua waa secreted. Some of tlie 
leaTss were left in the Bolution ; otherx, after an immersion of 
6 hrs. 30 m., were placed in water. Next morning both lots 
irareqiiit« dead; the leasee in the BoIution being Saccid, those 
in the water (now coloured jellow) of a pale brown tint, and 
their glands whjlo. 

Succinic AeiH. — Throe leaves were inimcrsed in ninety minima 
of a Bolntion of 1 gr. to 437 of water; after 4 hrs. 15 m. consider- 
aide and a&ec 23 his, great inflection; many of the glands 
pole; Said colonrod pink. TIic leaves were then washed and 
plaoed in water; after two dnjs there waa some ro-cxpansion, 
but maiiy of the glands were still white. This ncid ii) not 
nearly so poisonons aa oxoJic or benzoic. 

Vrio Acid. — Three leaves were immorsed in ISO minims of a 
Bolntion of 1 gr, to 875 of warm water, but all the acid was not 
diasolvod; so that each received nearly J^ of a grain. After 
So m. there was some slight inflection, bat this never increased ; 
after 9 hrs, the glands were not discoloured, nor waS the solu- 
tion coloored pink; neyerthcleaa much mucus voa Hecrcted. 
The leaves were then placed in water, and hy next moniing 
fully re-eipaaded, I doubt whether this acid really eauwa 
inflection, for the sUght movement which at first occurred may 
have been due to the prcaence of a trace of albuminous matter. 
Bnt it produces some effect, as Khown by the secretion of so 
mach macoe. 

Ilijipvric Acid.— Yo-ar leaves were immersed in 120 minims ot 
a BolutioD of 1 gr. to 437 of witter. After 2 hrs. the fluid was 
coloured pink ; glands jiule, bat no inflection. After 6 hrs. soma 
inflection; after 9 hrs. alt four leaves greatly influclcd ; much 
mncns Secreted ; all the glands very pale. The leaves were then 
left in water for two days; they remained closely infloclcd, 
with their glanda colourless, and I do not doubt were kilU'd. 

Hydrocyanic Acid.— Tmii leaves were immersed, each in thirty 
minims of one part to 437 of water; in 2 hrs. 45 m. all the 
tentacles wore considerably inflected, with many of the glands 
p«le ; after 3 hrs. 45 m. all strongly inflected, and tlie snrronnd'- 
ing finid colonrod pink ; after 6 hrs, all closely inflected. After 




196 DHOSERA ROTUNDIFOLLA. CHAP. VIIL 

an immoreion of 8 hrs. 20 m. the leaves were wfuihcd and placed 
ill water; nest morning, after about 16 hrs., they were Btill 
inflected and discoloured ; on the sncceediiig du; the; were 
ovidently dead. Two leaves wore immersed in a Btrongcr 
mixture, of one part to fiftj of water; in 1 hr. 15 m. the glands 
became as white aa porcelain, as if the; bad l)eeQ dipped in boil- 
ing water; very few of the tentacles were inflected; but after 
4 hrs. almost all were inQectcd. Tbcso leavca were then placed 
in waler, and next ciorning were evidently dead. Half-minim 
drops of the bbidc strtnglh (viz. one part to fifty of water) were 
nest placed on the discs of five leaves; after 21 hrs. all tho 
ouler tentacles were inflected, and the leaves appeared much 
injured. I likewise touched the secretion round a large number 
of glands with ininuto drops (about j^ ofaminim, or '00296 ml.) 
of t^lieele'a miituro (6 percent.); the glands first became bright 
rud, and aft«r 3 hrs. 15 m. about two-tliirda of tho t^^ntaclcs 
Iicaring those glands were inflected, and remained so for tlto two 
Buccceding days, when they appeaj-ed dead. 

Coneht'iing Eeiaarks on the Adion of Acids. — It is 
cviilent tliat acitU Lave a strong tendency to catiso tlie 
inflection of the tentaulcs ; ' for out ol' tlie twenty-four 
acids tried, nineteen thus acted, either rapidly and 
energetically, or slowly and slightly. Thia facC is 
remarkable, as the juices of many plants contain more 
acid, judging by the taste, than the solutions employed 
in my experiments. From tho powerful eflecta of so 
many acids on Drosera, wo are led to infer that those 
naturally contained in the tissues of this plant, as well 
as of others, must play some important part in their 
oconnmy. Of the five cases in which acids did not 
cause the tentacles to be inflected, one is doubtful; 
for uric acid did act slightly, and caused a copious 
secretion of mucus. Mere sourness to the taste is no 



* Accorrtiag to M. Fonrcicr Berberia matantly to close :thoa(;h 
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criterion of the power of an acid on Drosera, as citric 
and tartaric acids are very sour, yet do not excite 
infiection. It is remarkable how acids difTer in 
their power. Thus, hydrochloric acid acta far less 
powerfully than bydriodic and many other acida of the 
some strength, and is not poisonous. This is an in- 
teresting fact, as hydrochloric acid playa so important 
& part in the digestive process of animals. Formic 
acid indaces very slight inflection, and is not poison- 
ous; whereas its ally, oEetic acid, acts rapidly antl 
powerfully, and is poisonons. Malic acid acts slightly, 
whereas citric and tartaric acids produce no effect. 
Lactic acid is poisonons, and is remarkable from in- 
ducing inflection ouly after a considerable interval of 
time. Nothing surprised me more than that a solution 
of benzoic acid, so weak as to be hanlly acidulous to 
the taste, should act with great rapidity and bo highly 
poisonous; for I am informed that it produces no 
marked effect on the animal economy. It may ho 
seen, by looking down tho list at the head of this dis- 
cussion, that most of tho acids arc poisonous, often 
highly so. Diluted acids are known to iniluce nega- 
tive osmose,* and the poisonous action of so many 
acids on Drosera is, perhaps, connected with this 
power, for wo have seen that the fluids in which they 
were immersed often became pink, and the glands 
pale-coloured or white. Many of the poisonous acida, 
such as hylriodic, benzoic, hippuric, and carbolic (but 
I neglected to record all the atses), caused the secre- 
tion of an extraordinary amount of mucus, so that 
long ropes of this matter hung from the leaves when 
they were lifted out of the solutions. Other acids, 
such as hydrochloric and malic, have no such ten- 

• MUler'a ■ EIomcutB of Clitmiiilrjf,' port i 18B7, p. 87. 
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dency ; in these two latter casea the surrouniling fluid 
was not coloured pink, and the leaves were not 
poisoned. On the other haml, propionic acid, which 
is poisonous, does not cause much mucus to bo 
secreted, yet the surrounding fluid became slightly 
pink. Lastly, as in the case of saline solutions, 
leaves, after being immersed in certain acids, were 
soon acted on by phosphate of ammonia ; on the 
other band, they were not thus afl"ectcd after immer- 
sioD in certain other acids. To this subject, how- 
ever, I shall have to recur. 
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CHAPTER IX. 



SlryehuiDC, mlU of — Quinine, Bntjihate of, iloce nnt aona iuT(«t tlis 
movement of tbe protopla«m — Uthcr hlIIs of quinine — Di^tiitiiie 

— Nicotine — Atropine — Veratrine — ColoLiuinc — Thuine — Curure 

— Horpliia — ^Hyoscyamiu — Poismi of the oabin, apinrcutly aocc- 
luates tbe movcmcDti of the protoplaam — Ciunpb'ir. u prnverful 
itimuluit, ita Tapoui narootle — Certnin CAvenliul diIh t'icito njovti- 
DicDt — Uljceiine — Water and tJortain aolutiotiB rtturd ur prevent 
the Bnbsoqneot action of pLoBphate of umnwDb — AleiiUiil inno- 
CQOHB, its vKponi narcotio and poisonooa — Cblnriifonn, Knlphitrio 
and Ditric ether, thoir iitiniuIuDt, poieonous, und mtruitic pnu^T — 
Carbonic nciil narcotic, not quickly poisonoua — Concluding rrnuu-kii. 

As in tbe lost chapter, I will first give my csiieriments, 
and then a brief summary of the results with some 
concluding remarks. 

Arrtalt of S(ri/cAninf,— Hnlf-minims cif a Boliition of one pfirt to 
437 of water were placed on the discs ot eii IcaYcs ; bo Hint 
MchreceiTedj^^of a gniin,or.0a75in(!;. In 2 lire. 30 m. tlio 
ontei tentacles on eome of them were infloctcd, bnt in an ircc^i' 
lor mamier, BOmetimes only oh one side of tho leaf. The nojtt 
moniliig, aftfr 23 hni. 30 m., tho infloction had not iitcreaHed. 
Tbe glands on tho central di^ were blackened, and had eeatied 
•ecreting. After on additional 21 hrs. all the central planda 
■eraned dead, but tho inflected tentacles had ro-eipanded and 
appeared quite health/. Hence the )X)tsonons action of Gtr;ch- 
nine seems confined to tho glands n'hich have aheorl^d it ; 
nererLhelcGe, these glands transmit a motor impulse to tbe 
exterior tentaeles. Minute drops (alioiit ^ of a minim) of 
the same solntion applied to the glands of the ontcr tentacles 
occarionall; cauEPd them to bend. The poison docs not seem 
to act quickly, for liavinK ajijilied to several giands siiniliir 
drops of a rather stronger solution, of one part to 292 of water, 
ttus did not prcTunt thu tentacles bending, when their glands 
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were excited, aflei an interTal of a qnorter to three quarters of 
an hcmr, by being rubbed or given bits of meat. Similar drof« 
ofasolotioD of one part to 21H of vatcr (2 grs. to 1 oz.)quicbly 
blackened tbo glands; eome few tentacles thus treattd moved, 
Thilst others did not The latter, however, on being snbse- 
qnenll; moistfncd with saliTa or given bits of mcnt, bec&mo 
iuciiiTed, tboQgh with extnnne slowness; and this fihowa that 
they had been injured. Stronger solutions (but the strength 
wmt not ascertained) Eometimes arreeti>d all power of moTcmeut 
very qnickly ; thus bits of meat were plac«l on the glands of 
aevenil eiterior tentacles, and as soon as they Ix^n to move, 
minnto drops of the strong solution were added. They con- 
tinued for a short time to go on bending, and then suddenly 
stood still; other tentacles on the some leaves, with meat 
on their glands, but not wetted with the strj-cbnine, continued 
to bond and soon reached the centre of the leaf. 

Ci'mle uf SrycAnine,— Half-minims of a solution of one port 
to 437 of water were placed on the discs of sit leaves; after 
m hra. the outer fentoclea showed only a trace of inflection. 
Bits of meat were then placed on three of these leavea, but in 
21 hrs. only slight and irregular inflection occurred, proving 
that the loaves had been greatly injured. Two of the leaves to 
which meat hod not be«n given had their discal glands dry and 
much injured, Minute dro))s of a strong solution of one part to 
109 of water (4 grn. to 1 oz.) were adiled to the secretion round 
iwvcral glands, bnt did not produeo nearly so plain an effect aa 
the drops of a mneh wuaker solution of the acetate. Particlee of 
the dry citrate were placed on six glands; two of these moved 
liomo way towards the centre, and then stood still, being no 
doulit killed; three others curved much farther inwards, and 
wore then fixed; one alone reached the centre. Five leaves 
were immersed, each in thirty minims of a solution of one part 
to 437 of water; eo that each received -jig of a grain; after 
aliout 1 hr. some of tlio out«r tentacles Ifccame inflected, and 
the glands were oddly mottled with black and white. These 
glands, in from 4 hrs. to 5 hrs., became whitish and opaque, 
and the protoplasm in the colls of the tcnlacles wdb well aggre- 
gated. By this time two of the leaves were greatly inflected, 
but tho three othtrs not much more inflected than they were 
bcfnre. Nevertheleaa two fresh loaves, after an immersion re- 
spoctivcly for 2 hrs. and 4 hr». in the solution, were not killed ; 
for on being left for 1 hr. 'A^ m. in » solution of one part of 
earbonalo of ammimiu to 218 of water, their tentacles became 
mora inflected, and thure was much aggregation. Tho glands 
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of two other IcaTos, after an immereion for 2 hrn. in n strrincer 
Rolutioii, of one part of the dlrate to 2IH of wsler, lucnuio of an 
op«qae, pale pink colour, which before long disapijcon-d, Ifavini; 
theu white. One of thoee two leaves hiul iU Mudu atid 
IcntacW greatly inflected ; the other hardly at ail ; but the 
protoplasia in the cells of both was af;pTcgated down to the 
bans of the tentacles, witb the EpheriL'sl miiBSeB in the cclla 
cloae bencAth the gland-s blackened. After 21 lira, one of these 
leaves wu ooloorless, and evidently deml. 

SutiikaU of Quinine, — Some of tliis salt was addwl to 
wRier, which is said to dissolve y^^ pnrt of its wci);bt. 
Five leaves were immetBed, each in tliirtj minims of this solu- 
ti<Ki, which tasted bitter. In less than 1 hr. some of them had 
a few tentacles inflected. In 3 hrs. moet of the glands became 
whitish, others dark-colonrcd, and many oddlj niottle<l. After 
C hrs. two of the leaves had a good many tentacles inflcctd, but 
this very moderate degree of inflection never increased. One of 
the leaves was taken out of the solution after i hts., and placed 
in water; by the next morning some tew of the inflected 
tentacles had re-expanded, showing that they were not dead ; 
but the glands were still much discoloured. Another leaf not 
inclnded in the above lot, after an immersion of 3 hrs. 15 m., 
WM carefully examined ; the protoplasm in the cells of the 
outer tentacles, and of the short green ones on the disc, had 
become strongly aggrcgateddown to their bafes; and 1 distinctly 
uw that the little mofscs changed their positions and shapes 
rather rapidly ; some coalescing and again scpftrating. I was 
ETirpnecd at this fact, becansc quinine is said to arrest all move- 
ment in the white corpuscles of the blood ; but as, according to 
Bini,* this is due to tlioir being no longer sapplied with oxygen 
by the red corpuscles, any snch arrestment of movement eould 
not b« expected in Brosera. That the glands had absorbed some 
of the salt W08 evident from their change of colour; but I at 
6ist thought that the solution might not have travelled down 
tbe cells of the tenlaclea, where the protoplasm was seen in 
Bctive movement This view, however, I have no doubt, is 
crroneona, for a leaf which had been immersed for S hrs, in the 
qninine solution was then placed in a little solution of one part o£ 
carbonate of ammonia to 218 of water; and in 30 ni. the glands 
and the n]>pcr cells of the tentacles become intcnttely black, with 
the protoplnsm presenting a very unusual appearance ; for it 
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hod become agRregated into rcticnl&tcd dingj-coloured massos, 
having roand(jd and angnlai intcnipacGH. Aa I have never 
aetin thia effoct produced by the carbonate of amniDnia alone, 
it HHiBt be attributed to tlio preTiotis action of the qniaino. 
These reticulated mossca were watched for aomc time, bat did 
not change their forms ; bo that the protoplaum no doubt had 
been killed by the combined action of the two Baits, thongh 
exposed to them for only a eliort time. 

Anotlitr loaf, after an immersion for 24 hra. in the quinine 
aolution, became somewhat flaccid, and the protoploRm in all 
the cells waa apgrcgaled. Many of the aggregated masses were 
discoluMrcd, and presented a granular appearance ; tliey were 
Epherical, or elongated, or still more commonly consisted of 
little curved chains of small globules. None of those masses 
exhibited the least raovemcnt, and no doubt were all dead. 

Half-minims of the solution were placed on the discs of sii 
leaves; after 23 his. one had all its tcntaclea, two had a few, 
and the others none inflected; so that tlie discal glanda, when 
irrittLted by this salt, do not transmit any etrong motor impulse 
to the outer tentacles. After iH brs. the glanda on the discs of 
at) aix leaves wore evidently much injured or quite killed. It is 
clear that tliis salt is highly poisonous.* 

Ac'liiU f/ Quinine.— Foai leaves were immersed, each in thirty 
minims of a solution of one part to 4a7 of water. ITie aolntion 
was tested with litmus paper, and was not acid. After only 
10 m. all four leaves were greatly, and after 6 hrs. immensely, 
inflected. They were then left in wTiter for GO hrs., but never 
re-cxpandcd ; tlie glanda were white, and the leaves evidently 
dead. Ttiis salt ia far more efficient than the sulphat« in 
causing inflection, and. like that aalt, is highly poisonous. 

A'rtmfe o/ Qi'iniiie. — Four leaves were immersed, each in thirty 
minims of a solution of one part to 437 of water. After 6 hrs, 
there wna hardly a trace of inflection; after 22 hrs. three of the 
leaves were moileralely, an<l the fourth slightly inflected; bo 
that thia salt iuducee, though rather slowly, well-marked infec- 
tion. Those If^avca, on being left in water for 48 hrs., almost 

• Dim fnunrl pcvcnil years tt(rn white cnrpiipplra, whioh beooma 
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Analiiniy anil Phys.' NoTcmf'cr tcDtiM-li'fl nf Ilrojiern the apRre- 

IS72, p. 11)5) thut ijiiinin is an gattd nin»ii:xnfprnlnplnnn, which 

eniTgelic pniwin to Inw vece- appeared killed by the quinine, 

tibloundaniniiil"rtTini.=niii. Evi^n Ii]ie«Lso pnrwntixl a fcmnulat 

OTie part biI'IhI In 4(H1IJ parts nf QpiH^nmnpc. A Eimilar appenr- 

lilood urrestfl Ihi- nioMnuntij r.f Hits Biitc is caiiK'd by very hot whIct. 
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cnmpletcly re-espnndcd, but tlie glands were much discolonred. 
Hence this salt is not poiaonouB in any high dejmN?. Tlio 
different actiou of tho tbrcc fongoiug suits of quinine is ein- 
gnJ&T. 

Viyilnlitif.—Uait-Taimina of a solution of one part to 437 of 
nter were placed on the disce of fire leacea. In 3 hn. 45 m. 
KHDfi of thom liod their tentacles, anU one hod its Ma<Ie, 
nodeiatelf inflected. After H hts. ttirue of them were well fn- 
Eected : the fourth had only a few tentacles inflected, and the 
fifth (an old leafi was not at all affected. They remaineil in 
nearly the Name Rtata for two days, bat the glands on their discs 
beoiino pale. On the third day the iQaves appeared much 
nfjnred. NeTertheleaa, when bits of meat were placed on two 
of them, the outer tentacles became inflected. A minute drop 
(abont 1^ of a minim) of the Bolution was ap])licd to thriio 
glands, and after 6 brs. all three tentacles were inlk'cled, but 
Dext day had nearly re-eipanded; so tliat tliis very ^mall doso 
of y nUg a of a grain (00223 mg.) acts on a tentacle, but is not 
poiaonooa. It appears from these several facta that digitaline 
cansea inflection, and poisons the glnuds which atisorb a 
moderately targe amount. 

ATifoiinf. — Tho secretion round several glnnda was tonchcd 
with a minute drop of the pure fluid, and tlie glands vers 
instanlly blackened; the tentacles becoming inflected in a few 
minntea. Two leaves wrre immersed in a weak Kolution of two 
drops to 1 oz,, or 437 grains, of water. When (aamincd 
after 3 hrs, 20 m., only twenty-ono tentacles on one leaf were 
closely inflected, and six on the other slightly so; but all the 
glands were blackened, or very dark-coloured, with the pro- 
topUsni in all the cells of all tho tentacles much aggrcgattd 
and dark -coloured. Tho leaven were not finite kilk'd, fur on 
bring placed in a little solution of carbonate of nmmoiu'a 
t'J gra. to 1 oz.) a few more tentacles became inflected, tho 
remainder not being acted on during the next 24 brs. 

Hair-miuims of a stronger solution (two drops to i oz. of 
water) were placed on the discs of sii leaves, and in 30 m. all 
thoGe tentacles became inflected ; the glands of which had 
•ctually touched the sulution, as shown by their blackness ; 
but hardly any motor influence was transmitted to the outer 
tentacles. After 22 hrs. moat of the glands on the diBcs ap- 
peared dead ; but this could not bare been the catie, as when 
bits of meat were placed on three of them, wjme few of the 
outer tentacles were inflected in 24 hrs. Hence nicotine has a 
great tendency to blacken tho glands and to induce n^'gri^gatlun 
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of Iho protoplasm, bnt, except when pure, has very modorato 
power of induciug inflection, and still less power of cauaiDg 
a motor inStience to be trauBmitt^d from the discal glajidfl to 
the outer tuntocles. It is moderalelj poisonons. 

Airupinc. — A grain was added to 437 grains of water, bnt 
was not all diHSolvcd; another gnun was added to 437 graiim of 
a mixture of one part of alcohol to seven parts of water; and 
a third Bolution wna made by adding one jiart of volerianftlc of 
atropine to 437 of water. Half-mi Dims of these three* solutions 
were placed, in each case, on the discs of six leaves; but no 
effect whatever was produced, excepting that the glands on 
the discs to which the valerianata was given were slightly 
discoloured. The six leaven on which drops of the solution 
of atropine in diluted alcohol had been left for 21 hnt. 
were given bits of meat, and all liocame in 24 hrs. fairly well 
inflected ; so Umt atropine does not excite movement, and is 
not poisonons. I also tried in the same mantier the alkaloid' 
sold OS daturine, which is believed not to differ from atropine, 
and it proiluced no effect. Three of the leaves on which dropa 
of this latter solution had been loft for 24 hrs. were likewise 
given bits of meat, and they had in the course of 24 hrs. a good 
many of their submarginal tentacles iofiected. 

Vera'riiie, CMUci'i', TAeinc— Solutions were made of theeo 
three alkaloids by adding one part 1o 4it7 of water. Half-minims 
were placed, in each case, on the discs of at least six leaves, but 
no inflection was caused, except perhaps a very slight omonnt 
by the theiue. Ualfmiuims of a strong iuftision of tea like- 
wise produced, as formerly stated, no effect. I also tried sioiiUr 
drofu) of an jpfusion of one part of the extract of eoiehieum, sold 
by druggists, to 218 of water; and the leaves were observed for 
48 hrs., without any effect Iteing produced. The seven leaves on 
which dropsi of veratrine had l«en left for 2G hrs. were given 
bits of meat, and after 21 hrs. were well injleclcd. These three 
alkaloids are tbcn^foro quite innocuous. 

Camre.— One part of this fiunous poison was added to 218 of 
water, and three Ivavee were immersed in ninety minims of the 
tillered solution. Id S hrs. 30 m. some of tho tentacles were 
a little inflected ; as was tho blade of one, after 4 Ilts. After 
7 hrs. tho glands were womlcrfuUy blackened, showing that 
mailer of some kiud had beeu absorbed. In hrs. two of the 
leaves hud most of their tentacles sub-infiecttd. Hut tho inflc(^• 
tion did not increase in the course of 21 hrs. One of these 
leoves, after being immersed for 9 hra, in the solution, was 
placod in water, and by next iiiurriirig hB<l largely re-cxpaudL>d ; 
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the other two, after their immMBion for 24 hrs., were likewise 
pUced in water, and in 2t brs. were considerably re-expanded, 
thoDgh their glands were as block as'ever. Half-mininiB were 
placed on the discs of eii leavcB, and no inflection ensued ; hnt 
after three days the glands on the discs appeared mthcr dry, 
jet to my eurprise were not blackened. On another occasion 
drops were placed on the discs of six leaves, and a conxiderablo 
amount of inflection was soon caused ; but as I liad not filtered 
tba solution, floating ytarticlos may have acted on the glaods. 
After 24 hrs. bits of meat were placed on the discs of three of 
these leaTes. and next day they became stroni^ly inflected. As I 
at Qist thought that the poison might not have been disEolved 
in pure water, one grain was added to 437 grains of a miittire 
of one part of alcohol to seven of water, and half-minims were 
placed on the discs of »a leaves. Tlicso were not at all afTeeled, 
and when after a day bits of meat tverc given them, they wcro 
Alightly inflected in 5 hrs., and closely after 24 hrs. It follows 
from tbwe eoveral tacts tljat a solution of curare inilucea a very 
moderate degree of inflection, and this may perhaps be due to 
the presence of a minute quantity of albumen. It certainly is 
not poisonous. The protoplasm in one of the leaves, which hod 
hecn immersed for 24 hrs., and which had become slightly in- 
flected, bad undergone a very slight amount of afcgrcgation — 
not more than often ensncB from an immersion of this length of 
time in water. 

Aertale t^ MiTp?iia,—l tried a great number of experiments 
with this substance, but with no certain result. A consldcraiile 
number of leaves were immersed from between 2 hrs, nnd C hrs. 
in a solution of one part to 21S of water, and did not beeomo 
inflected. Nor were they ])oisoned ; for when they were washed 
and placed in weak solntiona of phospbato and cnrbonato of 
ammonia, they soon bccaino strongly inflected, with the pro- 
toplasm in the colls well aggregated. If, however, whilst the 
leaves were immersed in t)io morphia, phosjihate of am- 
monia was added, inflection did nnt rapidly ensue. Minnto 
drops of the solution were applied in the usual manner to iho 
secretion round between thirty and forty glands; and when, 
lifter an interval of (i in., bits of meat, a little Koliva, or particles 
of glass, were phiccd on them, the movement of the Itntsclcs 
was greatly retarded. But on other occasions no such retar- 
dation occurred. Drops of woter similarly applied never have 
any retarding power. Minule drops of a soluliun of cougar of 
the same strength (one part to 21ij of water) sometimes retordni 
the Bubee<iuont action of meat and of jiarliclcs of glasa, and 
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eomctinioa Jid not do bo. At one time I fult convinced that 
murpliia aetod as a narcotie on Drosera, bat after Jiaring found 
in what a siiiguIaT manner immerBion in certain non-poisonooB 
Baits and aeiis prevents the subsequent action of phosphate of 
ammonia, whereas other solutions have no auch power, mj 
firat conviction seems very doubtful. 

Extract 1^ //joscyi miM.— ^veral lenvefl were placed, each in 
thirty minims of an infusion of 3 grs. of tho extract sold by 
drug^Hts to 1 oz. of wat«r. One of them, aftiir being immersed 
for hre. 15 m., was uot inflected, and was then put into a 
solution (1 t^. to 1 oz.) of cart>oiiBte of ammonia; after 2 lirs. 
40 m. it ^vaa found considerably inflected, and the glands 
much blackened. Four of the loaves, after being immersed ftw 
2 brs. 14 m., were placed in 120 minims of a solution (1 gr. to 
20 oz.) of phoKphale of ammonia; they had already become 
slightly inflected from the hyoscyamua, probably owing to the 
presence of some albuminous matter, ns formerly explained, 
hut the iuIlGclion immediately increased, and afti3T 1 lir. was 
EtronRly pronounced; so that Lyoscyamus does nut act as a 
uarcotic or poison. 

Puiamfriim llie Fang of a Living Ailder. — Minoto drops were 
placed on the glands of many tentacles; these were quickly 
inflected, jiuit as if saliva had been given tliem. Next morning, 
after 17 hrs. 30 ra., all were beginning to ro-cspand, and they 
Rfipeored uninjured, 

PoUonfrain the Cobra.— Tir. Fajror, well known from his 
investigations on tho [mison of this deadly snake, was so kind 
a» to give me somo in a dried sialc. It is an albuniinonB 
substance, and is l)elieved ta replace the plyaline of saliva.* A 
minute drop (about -^ of a minim) of a solution of one part to 
437 of water wan applied to the secretion round four glands; so 
that each received only about -gwtvo "f " grain (0016 mg.). Tho 
ojionttjon was repeated on four other glands; and in 15 m. 
several of the eight tentacles become well inflected, and all of 
them in 2 lirs. Next morning, after 21 hrs., they were still 
inflected, and the glands of a very pale piuk colour. After an 
nddiliomil 21 hrs. they were nearly re-expanded, and completely 
so on tho succeeding day ; but mo»t of the glands remaiucti 
almost white. 

Half-minims of the same solution were placed on the discs of 
throe loaves, so that each rucoivod ^\s of a grain ("0G75 mg.) i 'n 
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4 lire. 15 m. the oulcr tentacles *ero much inficcleii ; and after 
6 hre, 30 m. those on two of the leaves were closely inflected and 
the blado of one ; the third leaf was only moderately affected. 
The leaves remained in the same state during tlie next day, 
bat after 48 hrs. re-eipanded. 

Three leATea were now immersed, each in thirty minima of the 
■elation, bo that each received Vs of a grain, or 4-018 mg. Ja 
6 m. there was some inflection, which steadily increased, bo that 
kfler 2 hrs. 30 m. all three leaves were closely inflected; the 
glands weiQ at first somewhat darkened, then readcred pale ; and 
the protoplasm within the cells of the tentacles was partially 
afcgregated. The little iubkscs of protoplasm were examined 
after S hrs., and again after 7 hrs., and on no other occasion 
hare I seen them undergoing such rapid changes of form. 
After 8 hrs. 30 m. the glands had become quite white ; they had 
not secreted any great quantity of mucus. The Icavoa were 
DOW pUcod in water, and after 40 hra. re-espanded, showing that 
they were not much or at all injured. Burin^; their immersion 
in water the protoplasm within the cells of the tentacles was 
occasionally examined, and always found in strong movement. 

Two leaves wore next immersed, each in thirty minims of a 
much atrongor solution, of one part to 109 of wafer ; so that each 
received J of a grain, or ICil mg. After 1 hr. 45 m. the suh- 
marginal tentacles were strongly inflected, with the glands some- 
what pale ; af(«r 3 hrs. 30 m. both leaves had all their tentacles 
cloaely inflected and the glands white. Hence ihe weaker 
eolation, as in so many other cases, induced more rapid inflec- 
tion than the stronger one ; but the glands were sooner rendered 
whita by the latter. After an immersion of 24 hrs. some of the 
tentacles were examined, and the protoplasm, still of a fine 
porple colour, was foimd aggregated into chains of small globular 
masses. These changed their shapes with remarkable quickness. 
After an immersion of 48 hrs. they were again eianitQed, and 
their movements were so plain that they could easily be seen 
under a weak power. The leaves were now placed in water, 
and after 24 his. (i.e. 72 hrs. from their first immersion) the 
little mosses of protoplasm, which had become of a dingy purple, 
were still in strong movement, changing their shapes, coalescing, 
and again sepajsting. 

In 8 hrs. after these two leaves hail been placed in water (i.e. 
in 56 hrs. after their immersion in the solution) they bcgiui to 
re-expand, and by the next morning were more expanded. 
After an additional day (i.e. on the fourth day after their immer- 
sion in the solntjon) they were largely, but not quite fully 
10 



208 DROSERA KOTUNDIFOLIA. Ca*p. IX. 

expanded- The tentacles wcro Sbw eiamiiied, and Uie aggregated 
mosses were almast wholly redisEolved; the c«lla being filled with 
homotiicncoiiB purple fluid, with the exception here and thoro of 
a single globular mass. We tima see how completely the proto- 
plasm had escaped all injury from the poiiion. As the glands 
were Boon rendered quite white, it occurred to me that tlii;ir 
texture might have l>c(!n modified in such a manner as to 
prevent the poison passing into the cells bentatli, and conse- 
quently that the protoplasm witliin these cells had not been at 
all affected. Accordingly I placed another leaf, which had been 
immcreed for 48 hra. in the poison and afterwards for 2i hrs, in 
water, in a little solution of one port of carbonate of ammonia 
to 218 of water ; in 30 m. the protoplasm in the cells beneath 
the glands liccame darker, and in the course of 24 his. the 
tentacles were filled down to their bases with dark-coloured 
spherical masses. Hence the glands had not lost their 
power of absorption, oa far as the carbonate of ammonia is 
concerned. 

From these facta it ia manifest that the poison of the eohra, 
though so deadly to animals, is not at all poisonous to Brceera ; 
yet it causes strong and rapid inflection of the tentacles, and 
soon discharges all colour from the glands. It seems even to act 
as a stimulant to the protoplasm, for after considerable expe- 
rience in observing the movements of this substance in Dro«era, 
I have never seen it on any other occasion in so active a state. I 
was therefore anxious to Icam how this poison affected aninia) 
protoplasm; and Dr. Fayrer was so kind as to make some obeer- 
vations for me, which he has since published.* Ciliated epi- 
thelium from the mouth of a frogwaa placed in a solution of 
'03 gramme to 4'(> cubic cm. of water ; others being placed 
at the some time in pure water for comparison. The move- 
ments of the eiha in the solution seemed at first increased, 
but soon languished, and after between 15 and 20 minntdd 
ceased; whilst those in the water were still acting Tigoronsly. 
The white corpuscles of the blood of a frog, and the cOia on two 
infusoria] animals, a ParamiBcium and Volvos, were Bimilarlj- 
affected by the poison. Dr. Fayrer also found that the muscle 
of a frog lost its irritability after an immersion of 20 m. in 
the solution, not then responding lo a strong eleelrical cnrrcMt. 
On the other hand, the movements of the ciiia on the mantle of 
an Cnio were not always arrested, even when loft for a consider- 
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able time in a very Btrong Bolation. On the whole, it seems 
that the poison of tbe cobra acta for more injurioustj on tlie 
protoplBsm of the higher animals than on that of Dropcra. 

There ia one other point which may bo noticed. I have occa- 
(ioiully observed that the drop!4 of secretion round the (;lanils 
were rendered somewhat turbid hy certain Eolutiona, anil inore 
«q«cially by soma acida, a film Icing formed on t!io surfaces of 
tbe drops; but I never saw this effect produced in ho cou- 
■pJcnDUB a manner as by the cobra poison. When the etrongcr 
nlntioD was employed, tbe drops appeared in 10 m, Jiko little 
white rounded clouds. After 48 hrs. the secretion vas changed 
into threads and sheets of a membranous suletance, including 
minnta granules of varions sizes. 

Ca-atjJiar. — Some scraped camphor was left for a day in a bottle 
with distilled water, and then filtered. A solution thus made is 
«ud to contain tdW °^ '^^ weight of camphor; it smelt and 
tasted of this substance. Ten leaves were immersed in this 
aalntioD ; after 15 m. five of tbem were well inflected, tn-o 
showing a first trace of movement in 11 m. and 12 m. ; the 
axth leaf did not bepn to move until 15 m. had elaiecd, hut 
wu &jrly well inflected in 17 m. and quite closed in 24 m. ; tlio 
seventh tx?gan to move in 17 m., and was completely shut in 
28 m. The eighth, ninth, and tenth leaves were old nnd of 
B very dark red colour, and these wero not inflected after an 
immersion of 2i hrs.; so that in making experiments with 
camphor it is necessary to avoid such leaves. Some of those 
leaves, on being left in the solution fur 4 hrs,, became of a 
lather dingy pink colonr, snd secreted much mueus ; although 
their tentacles were closely inflected, the protoplasm within the 
cells was not at all aggregated. On another occasion, however, 
after a longer immersion of 24 hrs., there was well marked 
a^regation. A solntion made by adding two drops of campho- 
nted spirits to an ounce of water did not act on one leaf; 
whereas thirty minims added to on ounce of water acted on two 
leaves immersed bother. 

M. Vogel has shown* that the flowers of various plaiits do not 
wither so soon when their sl^ma arc placed in a soluliuii of cam- 
phor as when in water; and that if already slightly wilhereii, 
they recover more quickly. The germination of certain seeds is 
also accelerated by the solution. So that camphor acts as a 
Btimulant, and it ia the only known stimulant for plants. 1 
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nJBbed, tbcrefore, to iisccrtain whether camphor would render the 
leaves of DroEora more Bcnsitive to mechanical irritation than 
they natarollj are, Sii leaves were left in distilled water for 
5 m. or 6 m., and then gently brushed twice or thriee, whilst etill 
under water, with a soft comcl-hair brush ; but no moTement 
ensued. Nino leaves, which had been immersed in the above 
solutioa of camphor for the times staled in the following 
table, were next brushed only once with the same bmsh and in 
the same manner as before; the results are given in the table. 
My first trials were made by brosbing the leaves whilst still 
immersed in the solution ; but it occurred to me that the viscid 
secretion round the glands would thus be removed, and the 
camphor might act more cffoctuully on them. In all tlio 
following trials, therefore, each leaf was taken out of the solu- 
tion, waved for about 15 8. in water, then placed in fr<«h wat«r 
and brushed, so tliat the brushing would not allow tlie freer 
access of the camphor ; but tliis irealment made no difference 
in the rcsnlta. 
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3 m. consiilerablo inScclion ; i m. alll' a 

tboteutiiclcseioept 3 or! inflected, r ""■ 

t) m. firat b!^ orinfleotion. 11m. 

eni.3<)B.BligbtiDflcation;Tm.30s.\ ,, ,. 

plain inflection. J iiin...o«. 

2 m. 30 I. a tmce of inflectifln ; 3 m-V _ 

plain ; 4 m. strongly marked. /, 
2ui,3Us.atraaeof inflcctian; 3III.I r ta 

plain inflection. f "">-«'■■ 

2m.30B.decidedinQectioui3m.30s.V ^ „. 

Btrongly mariod. f «"■»>«. 

2 m. 30 B. Blight inHeclion ; 8 m-V - „ _. 

pUin : 4 m. well marked. / b m. 30 b. 

2 m. trace of inflection ; 3 in. oon-1 . 

sidLTable, G m. stmng influction. / ^ °- 
2 HI. trace of iiiflcctino : 3 m. eon- I , 

Biilurablo, tl m. stninfr inflectina. f ™" 

Other leaves were left in the solution without lieiug brushed ; 
one of these first showed e, trace of inflection after 11 m.; a 

second after 12 m.; five wore not inflected until 15 m. had 
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ekpscd, and two not nntil a fow minntes lalcr. - On tho other 
buxi.it will be seeii in the right-huDd column of tlie table that 
moet of tho leaves subjected to tlie BolutioD, and which were 
bmshed, became inflected in a mnch sliarter time. The move- 
ment of the tentaclee of goioe of these leaves was eo rapid that 
it coald be plamly Eccn through a ver; weak lens. 

Two or three other eiperimenta are worth givini;. A large 
old leaf, after being immersed for 10 m. in the Bolution, did not 
appear likely to be soon inflected ; bo I brushed it, and in 2 m. 
jl began to moTC, and in 3 m. was completely shut Another 
leaf, after an immersion of 15 m., showed no Bif^DS of inflection, 
so was bmshed, and in 4 ro. was ^andly inflected. A third leaf, 
after an immeraion of 17 m., Lkcwise showed no signs of in- 
flection; it was then broshtid, hut did not move for 1 hr.; bo 
that hero was a failure. It was again brushed, and now in 
9 m. a few tentacles became inflected; the failure therefore was 
not complete. 

We may conclndo that a small dose of camphor in solution iw a 
powerful stimulant to Drosera. It not only soon excites tho ten- 
tacles to bend, but apparently renders tho glands sensitive to a 
touch, which by itself does not cause any moTomont. Or it may 
be that a slight mechanical irritation not enough to cause any 
inflection yet gives some tendency to movement, and thus 
reinforces the action of the camphor. This latter view would 
hare appeared to me the more probable one, had it not been 
shovm by M. Vogel that camphor is o stimulant in otltcr ways to 



rarious planU and seeds. 

Two plants bearing four o 
in a little cup of water, i 
tats of camphor (aliout s 
Teasel holding ten fluid c 



vcs, and with their roots 
1 to tho vapour of some 
I large as a fill>crt-nut), under a 
nees. After 10 hrs. no inflection 
ensued ; but the glands appeared to bo secreting more copiously. 
The leaves were in a narcotised condition, for on bits of meat 
being placed on two of them, there was no inflection in 3 hra. 
16 m., and even after 13 hrs. 15 m. only a few of the outer 
tentacles were slightly inflected ; but this di^reo of movement 
shows that the leaves' had not l>cen killed by an exposure 
daring 10 hrs. to the vapour of camphor. 

Oil of Cam w.xii/.— Water is said to dissolve about a thousandth 
part of its weight of this oil. A drop wae added to an ounce 
of water and the tottlo occasionally shaken during a ilny; 
but many minute globules remained undissolved. Five leaves 
were immorsod in this mixture ; in from 4 m. lo 5 m, there was 
some inflectioa, which became moderately pronoonced in two or 
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throa (idditionfi! minutes. Afl^r li m. nil fi^e Icavoa were well, 
ttiid somo of them closely, inflected. After 6 hre. the glanda wore 
while, and much njucus bad been eecrelod. The loaves were 
now flaccid, ot a peculiar dull-rod colour, nnd evidontly dead. 
One of the leaves, after an immorsioQ of 4 m., was brushed, like tlio 
loaves in tho caniphor, but this produced no effect. A plant 
with its roots^n water waa exposal under a 10-oz. vessel to tho 
vapour of this oil, and in 1 hr. 20 m. one leaf showed a trace of 
infection. After 5 hrs. 20 m. the cover woa taken off and tho 
leaves esaminod ; ono bad all its tentacles closcl; inflected, 
tho Bocund about half in the same state ; and the tliird all sub- 
inflcctcd. The plant was left in the open nh for 42 hrs., but not 
a single tentacle expanded ; all the glands appeared dead, except 
here and there one, wliich was still secretin);. It is evident 
that this oil is highly exciting and poisonous to Drosera. 

Oil of Cloves.— A mixtnro was made in tho Bamo manner as in 
the last case, and three Icavoa were immersed in it. After 30 m. 
there waa only a trace of inflection which never increased. After 
1 hr. 30 m. the glands were pale, and after 6 hrs. white. No 
doabt the leaves were much im'urcd or killed. 

Tiirpeiiti'fi''.— Small drops placed on the discs of some leaves 
killed them, as did likewise drops of croosole. A plant was left 
for 15 m. under a 12-oz. vessel, with its inner surface wetted 
with twelve drops oE tnrpentine; but no movement of the ten- 
tacles ensued. After 24 hrs. tho plant was dead. 

OiyceriHE.^Half-minims were placed on the discs of three 
leaves : in 2 lira, some of the outer tentacles were irrcgalarly 
infleeted ; and in 19 hrs. the leaves were llaceid and apparently 
dead ; tho glanda which had touched tho glycerine were eolour- 
teas. Minute drops (about -^g of a minim) were applied to the 
glands of several tentacles, and in a few minutes these moved 
and soon roaohod the centre. Similar drops of a mixture 
of four dropped drops to 1 oz. of water were likewise applied 
to several glands; but only a few of the tentacles moved, and 
these very slowly and slightly. Half-minims of this same mix- 
ture placed on the discs of some loavescoused, tomyaurprise, DO 
inflection in tho course of 48 hrs. Sits of meat were then given 
them, and next day they were well inflected ; notwithstanding 
that some of the diKCal glands lin<l been rendered almost colour^ 
less. Two leaves were immersed in the same mixture, but only 
for 4 hra. ; they were not inacctcd, and on being BfterwardB 
left for 2 hra. 30 m. in a solution (1 gr. to I ok.) of carboQiit« of 
ammonia, their glands were blackened, their tentacles inflected, 
aud the protoplasm within their cells aggrc^tcil. It appeata 
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from tbeee beta that a mixture of funr drops of glyccrioG to 
u OTmce of water is Eot poisonons, and excites wry littlo in- 
flection; but that pure glycerine is poisonous, and if applied 
in Terj minute quautitios to tbo glands gf tlie outer tcutaclus 
CBOsee their ia flection. 

17.8 Effects of /mincrSioK in Water a'.d in various Soliaioni <m 
the $ubteguent Aclion o/' Phosphate anU Carbonnlf oj AmJiumia. — 
We have seen in the third and seventh chapters that immerHJon 
in distilled water causes after a time some degree of aggregation 
of the protoplasm, and a moderate amount of inflection, espe- 
ciollj JQ the case of plants which have been kept at a rather 
high temperature. Water does not excite a copious secretion 
of mucuH. We have hL>re to consider the effects of immersion 
in Toriona fluids on the Bubseqnent oetion of salts of ammonia 
and other stimulants. Four k-aves which had been left for 
tM bra. in water were given bita of meat, hut did not claap them. 
Ten leaves, after a similar immersion, were left for 24 hrs. in 
& powerful solution (I gr. to 20 oz.) of phosphate of ammonia, 
and only one showed even a trace of inHcation. Tlirce of 
these leaves, on being left for an additional day in the solution, 
still remained quite unaffected. When, however, some of these 
leaves, which had been first immersed in water for 24 hre , and 
then in the phosphate for 24 hrs. were placed in a solution of 
carbonate of ammonia (one part to 218 of water), the prO' 
toplaam in the cells of Uie tentacles became in a few hours 
strongly aggregated, sbowing that this salt had \kcb absorbed 
and taken effect. 

A short immersion in water for 20 m. did not rolard the sub- 
sequent action of the phoRplmte, or of gplinlers of glass plnceil 
on the glands ; hut in two instances an immersion for 50 m. pre- 
vented any effect from a solution of camphor. Several leaves 
which had l>eon left for 20 ra. in a solution of one parEof white 
sugar to 21H of water were placed in the phosphate solution, 
the action of which was delayed; whereas a mixed solution of 
sugar and tlio phosphato did not in the least interfere with the 
eflfcetaof the latter. Three leaves, after beingimmeraed for 20 ra. 
in the sugar solution, were placed in a sotntion of carlionate of 
unmonia (one part to 218 of water); in 2 m. or 3 m. the glands 
were blackened, and after 7 m. the tentacles were coivjiderably 
infleclod, so that tlie solution of sngnr, though it delojed the 
action of the phosphato, did not delay that of tho carbonate. 
Immersion in a similar solution of gum arable for 20 m. had no 
retarding action on the phosphate. Three leaves were left for 
20 m. in a mixture of one part of alcohol to seven parts of water, 
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and then placed in tho phospliate solution : in 2 hrs. I6 m. there 
was a trace of inflection in ouo leaf, and in 5 hrs. 30 m. a second 

though slowly. Hence dilated alcohol, which, as we shall see, is 
hnrilly at all poisonous, iikiiilj retards the subsequent action of 
the phosphate. 

It was shown in the last chapter that leaves which did not 
Ixicomo inflected hy nearly a day's immersion in solutions of 
various salts and acids Miavcd very differently from one an- 
other when snbsequontly placed in the phosphato solution. I 
here Bi'O a table summing up the results. 


■s;!ssr- 


IVri^ot 

of Ha 
L«vMln 

ufonopart 


ERKta prodaccd on the Lfnei bj llieLr siihw> 
gn^Dt ImDliUiBi fur lUlnl n.n«l» In > 
ailmioq of oi» pjirt ot pbvpluU of 


PolaHHium oarbonatt 

Cftlciam acpbilo 
Cftlciiun nitrate . . 
Bliignosiuui Boaate. 

Mogneeiuui nilriito . 

Bwium acutale . . 
Bariiim Ditrat.' . . 

Btroiithira nilntto . 
All minium ehlorid. 


22 hrs. 

20 m. 

24hrB. 
24 lira. 
22 lira. 

22LrB. 

22UrB. 

22Lrs. 
2.; hrs. 

22 LrB. 

22hra. 

21 bra. 


Afler :iO m. Btroog ioflcclion of tho 

tentacles. 
Scarcely i.ny iollcction until 5 bra. 

hod elapsed. 
Aflfr 24 Lrs. very slieht inflection. 

Do. %. 
Snao slii^ht inflerticm, which became 

After 4 hrB. 30 m. a fair amount of 

every lentaclo cloeaiy iBflocted. 
After 24 hra. two leavea out ot four 

slightly inflected. 
AftLT 30 m. nue leaf ^patly, aud two 

others modcnttuly, inlli.-ct«l: they 

Tetnained thuB for 24 lirs. 
After 25 m. two leavca frreatly in- 

ilected: after 8 bni. a third leaf 

mndcrately, and the fourth very 

slightly, inflected. AJl four thuB 

After B hr». three leavee out of Ave 

inodtrately inflected : after 24 hrs. 

nil fivci in this state; but not ono 

clriBfly influctpd. 
Three IcaveB whivh had either been 

klifhtly cirnnlat allsfl'e'Mdbythu 

ruthur chwly iulli-clud. 
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»)■«. 
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24 hn. 


After25hre.Blight and doubtful effect. . 


Ij.'oi] chloride . . 


23hrs. 


inflected, the third vtrj little ; and 
thus remained. 




22hra. 


After 48 hra. not the lenet inflection. 


Lactic Bcit) , . , 


48 hn. 


After 24 hre. a Iriice of iufleclion in 
B few tentacle*, the (rlandg of 
which bad not bien killud by the 
acid. 


Tranw acid . . . 


24hre. 


After 24 hrs. no inflccliun. 


Twuric u^id . . 


24 bra. 


Do. do. 


atricwid . . . 


24hra. 


After SO m. tentuclea decidedly in- 
flected, and after S bra. etroncly 

24 bra. 


Fiinnic ucid . . . 


22Lre. 


Not obeerred nntil24 hra. hail lan.iBcd: 










protoplufin nggrtguled. 



In a large majorifj of these twenty cases, a vnryinK degree of 
inflection was alowly canseU by the phosphate. In four cases, 
however, the inflection was rapid, occurring in less Ihao half an 
hour or at moat in 50 m. Iq three cases the phosphate did not 
produce the least effect. Now what are we to infer from theso 
facts? Wo know from ten triab thnt immersion in distilled 
water for 24 bra. prevents the subsequent action of the phos- 
phate Bolution. It would, therefore, appear as if the soliitiona at 
chloride of manganese, tannic and tartaric acids, which are not 
poisonous, act^d exactly like water, for the phosphate produced 
no effect on the leaves which had been previously imniCfBed 
in these three solutions The majority of the otiicr solutions 
behaved to a certain extent like water, for the phosphate pro- 
duced, after a considerable interval of tifue, only a slight effect 
On the other hand, the leaves which had been immersed in the 
solutions of tlie cliloride of rubidium and magnesium, of acetate 
of slroDtinm, nitrate of barium, and citric acid, were quickly 
acted on by the phosphate. Now was water absorbed from these 
five weak solutions, and yet, owing to the presence of the salta, 
did not prevent the subseiiHcnt aciion of Iho pho-'^jihalo? Or 
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may we not Huppose* that the iuteretices of the walla of 
the glands were blocked up with the molecules of these Ato 
Bubatances, so that they were rendered impermeable to water; 
for had water entered, we know from the ten trials that the 
phosphate would not afterwarde have produced any eficct? It 
fiirtlier appears that the moIeculoB of the car1)ouatc of ammoDia 
eac quickly pass into glands which, from having been immersed 
for 20 m. in a weak solution of sugar, cither absorb the phos- 
j)hate very slowly or are acted on by it very slowly. On the 
other hand, glands, however Uiey may have been treated, seem 
cosily to permit the sultsequcnt entrance of the molecules of 
cnrbonate of ammonia. Thus leaves which had been immersed 
in a solution (of one part lo 437 of water) of nitrate of potas- 
sium for 48 hrs. — of snlpliate of iwtassiuni for 24 hrs.^ — and of 
the chloride of potassium for 25 hrs. — on being placed in a 
solution of one part of carbonate of ammonia to 218 of water, 
lind their glands immediately blackened, and after 1 hr. their 
tentacles somewhat inflected, and the protoplasm aggregated! 
Hut it would he an endless toek to endeavour to ascertain 
the wonderfully divcrsiGed effects of various solutions on 
Droscm. 

10 port to seven of water). — It has already been shown 
nims of this strength placed on the discs of leaves 
e any inflection; and that when two days afterwards 
I bits of meat, they became strongly in- 
flected. Four leaves were immersed in this mixture, and two of 
them after 30 m. were brushed with a camel-hair brush, like the 
kavce in the solution of camphor, but this produced no ofifect. 
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Nor did these four leaves, on being left for 24 hra. in the diluted 
alcohol, ondergo any inflection. They were <hcn removed ; ona 
being placed in an infoaion of raw meat, and bits of meat on 
Um discs of the other three, with their stalks in waicr. Next 
day one seemed a little injured, whilst two others showed merely 
a tmce of inflection. We mast, however, bear in mind that 
immersion for 24 hrs. in water prevents leaves ffim clasping 
meat. Hence alcohol of the above strength is not poisonous, nor 
does it etimnlftt« the leaves like camphor does. 

The yaponr of alcohol acto diEferently. A plmit having three 
good leaves waa left for 25 tn. under a receiver holding la oz, ■ 
with sixty minims of alcohol in a watch-glass. No movement 
ensued, but some few of the glands were blackened and 
shrivel led, whilst many became quite palo. These were scattered 
over all the leaves in the njost irregular raaiini;r, reminding me 
of the manner in which the glands were aflected by the vapour 
of carbonate of ammonia. Immediately on the removal of the 
Teceiver particles of raw neat were placed on many of the glandB, 
those which retained their proper colour being chiefly selected. 
Bat not a single tentacle was inflected during the next i hrs. 
Aflcr the first 2 hrs. the glands on all the tentacles began to 
dry; and next mofning, after 22 hrs., all three leaves appeared 
almost dead, with their glands dry ; the tentacles on one leaf 
■lone being partially inflected. 

A second plant was left for only 5 m. with some alcohol in a 
watch-glass, under a 12-oz. receiver, and particles of meat were 
then placed on the glands of several tentacles. After 10 m. 
some of them began to curve inwards, and after 55 m. nearly 
■!1 were considerably inflected ; bnt a few did not move. Some 
tnxsthethic effect is here probable, lint by no means certain. 
A third plant was ako left for 5 m. under the same small vessel, 
with its whole inner snrfaco wetted with about a dozen drops of 
aloohoL Particles of meat were now placed on the glands of 
eeveral tentacles, some of which firit began to move in 25 m. ; 
after 40 m. moat of them were somewhat inflected, and after 
1 hr. 10 m. almost ail were consiiieralily infloetcd. From their 
Blow rate of movement there can bo no doubt that the glands of 
these tentacles had been rendered inKcndhle for a time by 
exposore during 5 m. to the vapour of alcohol. 

yapouT of Oiloraform. — The action of this vapour on Drosera 
is very variable, depending, I suppose, on the constitution or age 
of the plant, or on some unknown condition. It sometimes 
canses the tentacles to move with extraordinary rapidity, and 
sometimes produces no such ctTLCt. The glands are sometimes 
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rendered for a timo insensible to the action of raw meat, bnt 
Bometimcs are not thus affected, or in a Tcry Bli{;)it degree. A 
plaiit recovers from a Email dose, but is easily killed hy a larger 

A plant was left for 30 m. under a bell-glass holding 
19 fluid oz. {539-6 ml) with eight drops of chloroform, and 
before the cover was removed, most of the tentacles became 
much inflected, though they did not reaeh the centre. After 
tljc cover was removed, bits of meat were placed on the glands 
of several of the somewhat incurved tentacles; tlieee glands 
were found much blackened after 6 Iirs. 30 m., but no further 
movement ensued. After 21 hrs, the leaves appeared almost 

A Bmaller btll-glaw, holding 12 fluid oz. (3408 ml.), was now 
employed, and a. plant wo,'! left for 90 a. under it, with only 
two drops of chloroform. Immediately on the removal of the 
glass all the tentacles curved inwards so as to stand perpen- 
dicularly up ; and eome of thcra could actually bo Been moving 
with extraordinary quickness by little starts, and therefore in 
an unnatural manner; but they never reached the centre. 
Affer 23 hrs. they fully ro-espandod, and on meat being placed 
on their glands, or when roughly touched by a needle, they 
]tromptly became iuBccted ; so Dint these leaves bad not been 
in the least injured. 

Another plant was ploccd nnder Iho nama small bell-glass 
with three drops of cliloroform, and before two minutes had 
elapsccl, the tentacles 1>cgan to curl inwards with rapid little 
jerks. The gloss was then removed, and in the coarse of two 
or three additional minutes almost every tentacle reached the 
centre. On several other occasions the vapour did not excite 
any moTomeut of tltis kind. 

There scemH also lo he great variability in the degree and 
manner in which chloroform rondcrti the glands insensible to the 
Bubeequent action of meat. In the plant last referred to, which 
had been exposed for 2 m. to three drops of chloroform, some 
few tentacles curved up only lo a perpendicular position, and 
particles of meat were placed on their glands; this earned 
them in 5 m. to liegin moving, hut they moved bo slowly that 
they did not reach the centre until 1 hr. 30 m. had elapsed. 
Another plant whs similarly exposed, that is, for 2 m. to three 
drops of chloroform, and on particles of meat being placed on 
the glands of several tenlaclos, which had curved np into a 
jierpendicninr position, one of these tiogan to lend in 8 m., bnt 
a Ik' r wards moved very slowly ; whilst none of the other tentacles 
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moved for the next 40 m. NcTcrthelcss, in 1 hr. 45 m. from the 
time when the bits of toeat hnd been givcii, all the teulaclcs 
leacHed the centre. In this caea Bomo slight aniDstlietic effect 
appsrently had been produced. On the following dny the plant 
had perfeotlj recovered- 

Aiiother plant bearing two leaves was eipoeed for 2 m. under 
the tS-oz. vessel to two drops of chloraform; it was then taken 
oat and eiatnined; again exposed for 2 m. to two drops; 
lAken out, and re-exposed for 3 m. to three drops: so that 
altogether it was exposed aliernatetjr io tlie air nnd during 
7 m. to the vapour of seven drops of chloroform. Bifs of meat 
were DOW ploeed on thirteen glands on the two leaves. On one 
of these leaves, a single tentacle first began moving in 40 m., 
and two others in 54 m. On the second leaf some tentacles 
first moved in 1 hr. 11 m. After 2 hrs. many tentacles on both 
leaves were inflected ; hut none had reached the centre within 
this time. In this case there could not he the least doubt that 
the chloroform had exert«l an oniusthtlic influence on the 

On the other hand, another plant was exposed nndcr the same 
yeesel for a much longer time, viz. 20 m., to twice as much 
chloroform. Bits of meat were then placed on the glands of 
many tentacles, and all of them, with a single exception, reaeiied 
the centra in from 13 m. to 14 m. In this cose, little or no 
anasthetic effect had been produced ; and how to reconcile 
, these discordant results, I know nut. 

FiipouT of Sulpharic fitlier.—A. plant was exposed for i!0 m. to 
Oiirty minima of this ether in a vcsbbI holding 19 o/.; and hits 
of raw meat were aflcrwards placed on many glands which had 
become pale-coloured : but none of the tcntaclos moved. After 
6 hrB. 30 m. the leaves appeared sickly, and the discai glands 
were olmoet dry. By the next momiug many of the tentacles 
were dead, as were all those on which meat had been placed; 
sbowiog that matter had been absorbed from the meat which 
bad increased the evil effects of the vapour. After four days 
the plant itself died. Another plant was exposed in the same 
Teeeel for 15 m. to forty minims. One young, small, and 
tender leaf had all its tentacles inflected, oiid seemed much 
injured. Sits of raw meat were placed on several glands on 
two other and older leaves. These glands Iwcame dry after 
6 hrs., and seemed injured ; the tentacles never moved, except- 
ing one which was ultimately a little inflected. Tho glauds of 
the other leutacles continued to secrete, and appeared uninjured, 
bat the whole plant after thrt'C days liecnine very fiiikly. 
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In tbe two foregoing experimente the doses were CTidently too 
large ami poisonous. ^Vith weaker doses, the ameEthetic effect 
was variable, ae in the case of cliloroform. A plant was exposed 
fOT 5 m. to ten drops trader a 12-oz. Tessol, and bits of moat were 
then placed on man; glands. None of tlie tonlacle? thoa treated 
begau to move in a decided manner until 40 m. had elapsed; hat 
then some of them moved Ter; quick! j, so that two reached the 
centre after an additional interval of only 10 m. In 2 hrs. 12 m. 
from the time when the meat was given, all the tentacles reached 
the centre. Another plant, with two leaves, was exposed in the 
f&me TCBBcl for 5 m. to a rather larger dose of ether,and bite of 
mtat were placed on several glands. In this case one tentacle 
on each leaf began to bend in 5 m. ; and after 12 m. two tentacles 
on one leaf, and one on the second leaf, reached the centre. In 
30 m. after the meat had been given, all the tentacles, both those 
witb and without meat, were closely inflected ; eo that the ether 
apparently had stimulatod these leaves, causing all the tentacles 
to bend. 

I'tipourof XiMc Eiher. — Thia vapour seems more injurions than 
that of sniphuric ether. A plant was exposed for 5 m. in a I2- ■ 
oz. vessel to eight drops in a watch-glass, and I distinctly saw a 
few teatacles curUng inwanls before the glass was removed. 
Immediately afterwards bite of meat were placed on three 
glands, but no movement ensued in the course of 18 in. The 
same plant was placed again under the same vessel for 16 m. 
with ten drops of the ether. None of the tentacles moved, . 
and next morning those with the meat were still in the same 
ixisition. After 48 his. one leaf seemed heallhy, but the othera 
were much injured. 

Another plant, having two good leaves, was eipisod for 6 m. 
under a lil-oz. vessel to the vapour from len minims of the 
ether, and bits of mcAt were then placed on tlio glands of many 
tentacles on both leaves. After 3lJ m, several of them on one 
leaf became inflected, aud after 1 hr. almost all the tentacles, 
those with and without meat, nearly reached the centre. On 
the other loaf the glands began to dry in 1 hr. 40 m., and after 
several hours not a single tentacle was inflected ; hut by the 
next morning, after 21 lira., many were inflected, though thej 
seemed much injured. In this and the previous experiment, 
it is doubtful, owing to the injury which the leaves bad suffered, 
whether any antesthetie effect had l>een produced. 

A third plant, having two good leaves, was exposed for only 
4 m. in the I'J-oz. v&s.'iel to the vapour from sis drops. Bits of 
moat were then placed on (he gliinds of seven tentacles on Uie 
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nme leaf. A single tentacle moTed after 1 hr. 23 m.; after 
'2 hra. 3 m. seTeral were inflected ; and after 3 hrs. 3 nt. all tbo 
seven tentacles with meat were well iaflectcd. From the slow- 
nen of these movements it is clear that thJB leaf had been 
rendered inscnBible tor a time lo the action of tbo meat. A 
HCODd leaf was rather diSurently affected ; bite of meat wero 
placed on the glands of five tentacles, throe of which were 
riiKhtty inSccted in 28 m,; after 1 hr. 21 ni. one reached the 
centre, but the other two were still only elightlf inflected; after 
3hi«. thcj were much more inflected; hut even after 5 hrs. 
16 m. all five had not reached the centre. Although some of 
the tentocleH began to move moderately soon, they afterwards 
mored with extreme slowness. By neit morning, after 20 hrs., 
EDOat of the tentacles on both leaves were closely inflected, but 
not qoite regukrly. After 48 hrs, neither leaf appeared injured, 
though the tentacles were still inflected; after 72 hrs. one 
was almost dead, whilst tlie other was re-expanding and 
recovering. 

Carbunic Acid.^k plant was placed under a 122-oz, beil-glasa 
filled with this gas and standing over water; but I did not make 
Bofflcient allowance for the absorption of the gas by the water, 
so that towards the latter part of the ex[ierimcnt some air was 
drawn in. After an eiposure of 2 hrs. the plant was removed, 
and bit« of raw meat placed on the gtands of three leaves. One of 
these leaves hung a little down, and was at first partly and soon 
afterwards completely covered by the water, which rose within 
the vessel as the gas was absorbed. On this latter leaf the 
tenlacloa, to which meat had been given, became well inflected 
in !i m. 30 s., that is, at abont tho normal rate ; so that until 
I remembered that the leaf had been protected from the gas, 
and might perhaps have aT>sorbcd oxygen from the water 
which was continually drawn inwards, I falsely concluded that 
the carbonic acid had produced no efleet. On the other two 
leave*, the tentacles with meat behaved very difieroutly from 
thoee on the first leaf; two of them first began to move slightly 
in 1 hr. 60 ra., always reckoning from tho time when tho meat 
was placed on tho glands — were plainly inflected in 2 hrs. 
22 m. — and in 3 hrs 22 m. reached tho centre. Three other 
tentacles did not bc^n to move nntil 2 hrs. 20 m. had elapsed, 
but reached the centre at about the same time with the others, 
,Ti)L in 3 hrs. 22 m. 

This eiperimeat was repcatf d several times with nearly the 
same results, excepting that the interval l>cfore the tentacles 
began to move variLHl a little. I will give only one oilier caso. 
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A plant was exposed in the BamQ vcBsel to the gas far 45 m., nnd 
bits of meat wero then placed od four glands. But the ten- 
ijieles did not move for 1 hr. 40 m. ; after 2 brs. 30 m. nil four 
were well inSectad, and after 3 hra. reached the centre. 

Tho fallowing eingulur phenomenon Eometimee, hut by no 
means always, occurred. A plant nas immersed for 2 hra., and 
bite of meat were then placed on ecvoral glands. In tho conrso 
of 13 m. ail tho Eubmarginal tentacles on one leaf became con- 
siderablj iiifioctod; tliaso with the moat not in the least degreo 
more than the others. On a second leaf, which waa rather 
old, tho tentacles with meat, as well as a few others, were 
moderately iiiflectod. On a third leaf all tho tentacles were 
closely inflected, though meat had not been placed on any of 
the glands. This morement, I presume, may be attributed to 
excitement from tho absorption of oxygen. The last-mentioned 
leaf, to which no meat had been given, was fully rc-cxpandcd 
after 24 hrs. ; whereaa the two other leaves had all their ten- 
tacles closely inflected over the bits of meat which by this timo 
had been carried to their centres. Thus thoso three leaves 
had perfectly recovered from the effects of the gas in the course 
of 24 hrs. 

On another occasion nomo fine plants, after having been left 
for 2 hrs. in the gas, were immediately given bits of meat in the 
usual manner, and on their exposure to the air most of their 
tentacles liocarae in 12 m. curved into a vortical or sub-vertical 
position, but in an extremely irregular manner ; some only on one 
side of the leaf and some on the other. They remained in this 
* position for some time ; the tentacles with tho bits of meat not 
having at first moved more quickly or farther inwards than tho 
othcrfi without meat. But after 2 hrs. 20 m. the former began 
to move, and steadily went on bending until they reached tho 
centre. Next morning, after 22 hrs., all the tentacles on theeo 
leaves were closely clasped over the meat wliich had been carried 
to their centres ; whilst the vertical and sub-vertical tentacles on 
the other leaves to which no meat had been kivcii had fully 
re-expanded. Judging, however, from the sulwcqucnt action o( 
a weak solution of carbonate of ammonia on one of these latter 
loaves, it hod not perfectly recovered its excitability and power 
of movement in 22 hrs. ; but another leaf, after an additional 
21 hrs., had completely recovered, judging from the manner in 
which it clasped a fiy placed on its disc. 

I will give only one other experiment. After the exposure of 
a plant for 2 hrs. to the gas, one of its leaves was immersed in 
a ratlier strong solution of carbonate of ammonia, togothor with 
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• fresh leaf from another plant The latter had most of its 
tentacles strongly Inflected within 30 m. ; whereas the leaf which 
had been exposed to the cafbuuic acid remaJBcd for 24 hrs. in 
the eolation without nndergoing any inflw.-tion, with the excep- 
tion of two tentacles. This leaf bad been almost completely 
paraljaed, and was not able to recover its eensibilily whilst still 
in the solution, which from having been made with distilled 
water probably contained littio oxygen. 

Concluding Re'marhs on the Effects of the foregoing 
Agents, — -As the glands, when escitcd, transmit somo 
influence to the sunoumling tentacles, causing them 
to bend and their glands to pour forth an increased 
amount of modified secretion, I was anxiims to 
ascertain whether the leaves included any element 
baTiDg the naturo of nerve-tisaue, which, though 
not continuous, served as the channel of tr.-insmissiuu. 
This led me to try the several alkaloids and other 
substances which are known to exert a powerful in- 
fluence on the nervous system of animals. I was at 
first encouraged in my trials by finding that strych- 
nine, digitaline, and nicotine, which ail act on the. 
nervous system, were poisonous to Drosera, and caused 
a certain amount of inflection. Hydrocyanic acid, 
again, which is so deadly a poison to animals, caused, 
rapid movement of the tentacles. But as several in- 
nocuous acids, though much diluted, such as benzoic, 
acetic, &e., as well as some essential oils, are ex- 
tremely poisonous to Drosera, and quickly eauso 
strong inflection, it seema probable that strychnine, 
nicotine, digitaline, and hydrocyanic acid, excite in- 
flection by acting on elements in no way analogous 
to the nerve-cells of animals. If elements of this 
latter nature had been present in the leaves, it might 
have been expected that morphia, hyoscyamus, atro- 
pine, veratrine, colchicine, curare, and diluted alcohol 
would have produced some marked efi'ect; whereas 
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these substances are not poisonous and have no power, 
or only a very alight one, of inducing inflection. It 
should, however, be observed that curare, colchicine, 
and veratrine are muscle-poisons — that is, act on 
nerves having some special relation with the muscles, 
and, therefore, could not bo expected to act on Diosera. 
The poison of the cobra is most deadly to anim&ls, 
by paralysing their nerve-centres,* yet is not in the 
least so to Drosera, though quickly causing strong 
inflection. 

Notwithstanding the foregoing facts, which show 
how widely different is the effect of certain substances 
on the health or life of animals and of Drosera, yet 
there exists a certain degree of parallelism in the 
action of certain other substances. We have seen that 
this holds good in a striking manner with the salts of 
sodium and potassium. Again, various metallic salts 
and acids, namely those of silver, mercury, gold, tin, 
arsenic, chramium, copper, and piatina, most or all of 
which are highly poisonous to animals, are equally so 
to Drosera, But it is a singular fact that the chloride 
of lead and two salts of barium were not poisonous to 
this plant. It is an equally strange fact, that, though 
acetic and propionic acids are highly poisonous, their 
ally, formic acid, is not so ; and that, whilst certain 
vegetable acids, namely oxalic, benzoic, &c., are 
jHjisonous in a high degree, gallic, tannic, tartaric, and 
malic (all diluted to an equal degree) are not so. 
Malic acid induces inflection, whilst the three other 
jnat named vegetable acids have no such power. But 
a pbarmacopteia wouhl be requisite to describe the 
diversified eflects of various substances on Drosera.t 

• Dr. Fnyrer, 'Tho Tiutnalo- cyanio, and ohromio acidi, ace- 

phidEn of India," 1872, p. 1. tate of etrjohnine, and vapour of 

t Socing that apilic, hydro- t'llicr, urn pninonnua to Ilro»cr», 
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Of the alkaloids anj their ejilta which were tried, 
several had not the least power of inducing inflection; 
others, which were certainly absorbed, as showD by tha 
changed colonr of the glands, had but a very mode- 
rate power of this kind ; others, again, Guc-h us the 
acetate of quinine and digitaline, caused strong in- 
flection. 

The several substances mentioned in this chapter 
affect the colour of the glands very differently. These 
often become dark at first, and then very pale or 
white, aa was conspicuously the case with glands 
subjected to the poison of the cobra and citrate of 
strychnine. In other cases they are from the first 
rendered white, as with leaves placed in hot water and 
several a«ids ; and this, I presume, is the result of the 
coagulation of the albumen. On the same leaf some 
glands become white and others dark-coloured, as 
occurred with leaves in a solution of the sulphate of 
quinine, and in tlie vapour of alcohol. Prolonged im- 
mersion in nicotine, curare, and even water, blackens 
the glands ; and this, I believe, is due to the aggre- 
gation of the protoplasm within their cells. Yet 
curare caused very little aggregation in the cells of 
the tentacles, whereas nicotine and sulphate of quinine 
induced strongly marked aggregation down their 
bases. The aggregated masses in leaves which had 
been immersed for 3 hrs. 15 in. in a saturated solu- 
tion of sulphate of quinine exhibited incessant 



it is remiu'kable that Dr. QnnsoDi 
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clianges of form, but after 24 hrs. were motionless; 
the leaf being flaccid and apparently dead. Ou tlie 
other hand, with leaves subjected for 48 hrs, *o a 
strong solution of the poison of the cobra, the proto- 
plasmic masses were unusually active, whilst with 
the higher animaU tho vibratilo cilia and white 
corpuscles of the blood seem to be quickly paralysed 
Ly this substance. 

With the salts of alkalies and earths, the nature of 
the base, and not that of the acid, determines their 
physiological action on Drosera, as is hkewise the case 
with animals ; but this rule hardly applies to the salts 
of quinine and strychnine, for the acetate of quiniQe 
causes much moro iuflection than tho sulphate, and 
both are poisonous, whereas the nitrate of quinine is 
not poisonous, and induces inflection at a much slower 
rate than the acetate. The action of tho citrate of 
strychnine is also somewhat diflcrent from that of the 
sulphate. 

Leaves which have been immersed for 24 hrs. in 
water, and for only 20 ra. in diluted alcohol, or in a 
weak solution of sugar, are afterwards acted on very 
slowly, or not at all, by the phosphate of ammonia, 
though they are quickly acted on by the carbonate. 
Immersion for 20 m. in a solution of gum arable baa 
no such inhibitory power. The solutions of certain 
salts and acids affect the leaves, with respect to the 
subsequent action of the phosphate, exactly like water, 
whilst others allow tho phosphate afterwards to act 
quickly and energetically. In this liittcr case, the 
interstices of the ccU-walla may bavo been blockefl up 
by the molecules nf the salts first given in solution, 
so that water could not afterwards enter, though the 
molecules of the plioaphato could do so, and those of 
tho carbonate still more easily. 
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The action of camphor disaolTed in water is remark- 
able, for it not only soon induces inflection, but 
apparently renders the glands extremely sensitive to 
mechanical irritation ; for if they are brushed with a 
soft bmsh, after being immersed in the solution for 
a abort time, the tentacles begin to bend in about 
2 m. It may, however, bo that the brushing, 
though not a sufficient stimulus by itself, tends to 
excite movement merely by reinforcing the direct 
action of the camphor. The vapour of camphor, on 
the other hand, serves as a narcotic, 

Some essential oils, both in solution and in vaponr, 
cause rapid inflection, others have no such power ; 
those which I tried were all poisonous. 

Diluted alcohol (one part to seven of water) is not 
poisonous, does not induce inflection, nor increase the 
sensitiveness of the glands to mechanical irritation. 
The vapour acts as a narcotic or auffisthetic, and long 
exposure to it kills the leaves. 

The vapours of chloroform, sulphuric and nitric 
ether, act in a singularly variable manner on different 
leaves, and on the several tentacles of the same leaf, 
This, I suppose, is owing to differences in the age or 
constitution of the leaiVes, and to whether certain 
tentacles have lately been in action. That these 
vapours are absorbed by the glands is shown by their 
changed colour ; but aa other plants not furnished 
with glands are affccted by these vapours, it b 
probable that they are likewise absorbed by the sto- 
mata of Drosera. They sometimes excite extraordi- 
narily rapid inflection, but this is not an invariable 
result. If allowed to act for even a moderately long 
time, they kill the leaves ; whilst a small dose acting 
for only a short time serves as a narcotic or anaesthetic 
In this case the tentacles, whether or not they have 
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become inflected, are not excited to further move- 
ment Ly bits of meat placed on the glands, until 
some considerable time has elapsed. It is generally 
believed that with animals and plants these vapours 
act by arresting oxidation. 

Exposure to carbonic acid for 2 hrs., and in one case 
for only 45 m., likewise rendered the glands insensible 
for a time to the powerful stimulus of raw meat. The 
leaves, however, recovered their full powers, and did 
not seem in the least injured, on being left in the 
air for 24 or 48 hrs. We have seen in the third 
chapter that the process of aggregation in leaves eub- 
jeetcd for two hours to this gas and then immersed in 
a solution of the carbonate of ammonia is much re- 
tarded, so that' a considerable time elapses before the 
protoplasm in the lower cells of the tentacles becomes 
aggregated. In some coses, soon after the leaves were 
removed from the gaa and brought into the air, the 
tentacles moved spontaneously ; this being due, I pre- 
sume, to the excitement from the access of oxygen. 
These inflected tentacles, however, could not be ex- 
cited for some time afterwards to any further move- 
ment by their glands being stimulated. With other 
irritable plants it is known • that the exclusion of 
oxygen prevents their moving, and arrests the move- 
ments of the protoplasm within their cells, but this 
arrest is a different phenomenon from the retardation 
of the process of aggregation just-alluded to. \\Tiether 
this latter fact ought to be attributed to the direct 
action of the cjirbonic acid, or to the exelusioQ of 
oxygen, I know not. 

• Sachs, ' Trnilc de Bot.' 1874, pp. S4G, 1037. 
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Glands aoil guramlta of the tentaclei alnne scnsilive — TrsnamUBioli 
of the motor impulse down the pedicels of the teDlacles. luid 
■crosH the blade of the leaf — Aggregation of tlia prntoplaaiD, 
B reflex action — Firat diacbarge of tlie motor iDi]iiiL«i audden — 
Direction of the movements of tho tenlocles — Motor iin|iuIgD 
trananiittcd through the cellular tissue — Mtielinnigm of the move- 
ments—Nature of tho motor impulBU^Ro-expuiiBion of the Ikd- 

We have seen in the previous chapters that many 
widely different stimulants, mechanical and ehemicfti, 
excite the movement of the tentacles, as well as of the 
blade of the leaf ; and we must now consider, firstly, 
what are the points which are irritable or sensitive, 
and secondly how the motor impulse is transmitted 
from one point to another. The glands are almost 
esclnsively the seat of irritability, yet this irritability 
must externl for a very short distance below them ; 
for when they were cut off with a sharp pair of 
scissors without being themselves touched, the ten- 
tacles often became infiect-ed. These headless ten- 
tacles frequently re-espanded ; and when afterwards 
drops of the two most powerful known stimulants were 
placed on the cut-off ends, no effect was produced. 
Nevertheless these headless tentacles are capable of 
subsequent inflection if excited by an impulse sent 
from the disc. I succeeded on several occasions in 
crushing glands between fine pincers, but this did 
not excite any movement ; nor did raw meat and salts 
of ammonia, when placed on such crushed glands. 
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It is probable that they were killed so instantly that 
tbey were not able to transmit any motor impulse ; for 
in six observed cascB (in two of which however the 
gland was quite pinched ofif) the prof-oplasm within 
the cells of tbo tentacles did not become aggregated; 
whereas in some adjoining tentacles, which were 
inflected from having been roughly touched by the 
pincers, it was well aggregated. In like manner the 
protoplasm does not become aggregated when a leaf is 
instantly killed by being dipped into boiling water. 
On the other hand, in several cases in which tentacles 
became inflected after their glands had been cut off 
with sharp scissors, a distinct though moderate degree 
of aggregation supervened. 

The pedicels of the tentacles were roughly and re- 
peatedly rubbed; raw meat or other exciting sub- 
stances were placed on them, both on the upper 
surface near the base and elsewhere, but no dis- 
tinct movement ensued. Some bits of meat, after 
being left for a considerable time on the pedicels, 
were pushed upwards, so as just to touch the glands, 
and in a minute the tentacles began to bend. I 
believe that the blade of the leaf is not sensitive to 
any stimulant. I drove the point of a lancet through 
the blades of several loaves, and a needle three or four 
times through nineteen leaves : in the former case 
no movement ensued ; but about a dozen of the leaves 
which were repeatedly pricked had a few tentacles 
irregularly inflected. Aa, however, their backs had 
to be supported during the operation, some of the 
outer glands, as well as those on the disc, may have 
been touched ; and this perhaps sufficed to cause the 
slight degree of movement observed. Nitschke' says 

• 'Bot. Zdtung,' 1800, p. 23*. 
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that cutting and pricking tho leaf docs not excito 
movement. Tlic petiole of the leaf is quite insensible. 

The backs of the leaves bear numcrcms minute 
papiilse, which do not secrete, but Lave the power of 
abflorption. These papilla! are, 1 believe, rudiments 
of formerly existing tentacles together with their 
glands. Many experiments were made to ascertain 
whether the Istcks of the leaves could be irritated in 
any way, thirty-seven leaves being thus tried. Some 
were rubbed for a long time with a blunt needle, 
and drops of milk and other exciting fluids, raw 
meat, crushed fiies, and various substauees, placed on 
others. These substances were apt soon to become 
dry, showing that no secretion had been excited. 
Hence I moistened them with saliva, solutions of 
ajnmonia, weak hydrochloric acid, and frequently with 
the secretion from the glands of other leaves. I 
also kept some leaves, on the backs of which exciting 
objects had been placed, under a damp bell-ghiss ; but 
with all my care 1 never saw any true movement. I 
was led to make so many trials because, contrary to 
my previous experience, Kitsehko states' that, after 
aflizing objects to the backs of leaves by tho aid of 
the viscid secretion, he repeatedhj saw tho tentacles 
(and in one instance the blade) become rellexed. 
This movement, if a true one, would be most ano- 
malons ; for it implies that the tentacles receive a 
motor impulse from an unnatural source, and have 
the power of bending in a direction exactly tho 
reverse of that which is habitual to them ; this power 
not being of the least use to tho plant, as insecis 
cannot ailhcre to the smooth backs of tho leaves. 

1 have said that no effect was protluced in the above 

• 'Bot. Ztitung,' 1S60, p. 417. 
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cases ; but tliis is not strictly true, for in three in- 
Btauces a little syrup was added to the bits of raw 
meat on the backs of leaves, in order to keep them 
damp for a time; and after 30 hrs. there was a trace 
of reflexion in the tentacles of one leaf, and cer- 
tainly in the blade of another. After twelve addi- 
tional hours, the glands began to dry, and all three 
leaves seemed much injured. Four leaves were then 
placed under a boll-glass, with their footstalks in 
water, with drops of synip on their backs, but without 
any meat. Two of these leaves, after a day, had a few 
tentacles reflexed. The drops had now increased con- 
siderably in size, from having imbibed moisture, so 
aa to trickle down the backs of the tentacles and 
footstalks. On the second day, one leaf had its 
blade much reflexed; on the tliinl day the tentacles 
of two were much reflexed, as well aa the blades of 
all four to a greater or less degree. The npjrer side 
of one leaf, instead of being, as at first, slightly 
concave, now presented a strong convexity upwards. 
Even on the fifth day the leaves did not appear dead. 
Now, as sugar docs not in the least excite Drosera, 
we may safely attribute the reflexion of the blades 
and tentacles of the above leaves to exosmose from 
the cells which were in contact with the syrup, and 
their consequent contraction. When drops of syrup 
are placed on the leaves of plants with their roots still 
in damp earth, no inflection ensues, for the roots, no 
doubt, pump up water as quickly as it is lost by 
esosmose. But if cut-off leaves are immersed in 
syrup, or in any dense fluid, the tentacles are greatly, 
though irregularly, inflected, some of them assuming 
the shape of corkscrews ; and the leaves soon become 
flaccid. If they are now immersed in a fluid of low 
specific gravity, the tentacles re-expand. From these 
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facts we may conclude that drops of synip placed on 
the biicks of leaves do not act by exciting a motor 
impulse which is transmitted to the tentacles ; but 
that they cause reflexion by inducing exosmose. 
Dr. Nitschke used the secretion for sticking insects 
to the backs of the leaves ; and I suppose that he 
nsed a large quantity, which from being dense pro- 
bably caused exosmose. Perhaps he experimented on 
cut-off leaves, or on plants with their roots not supplied 
with enough water. 

As far, therefore, as onr present knowledge serves, 
WB may conclude that the glands, together with the 
immediately underlying cells of the tentacles, are 
the exclusive seats of that irritability or sensitiveness 
with which the leaves arc endowed. The degree to 
which a gland is excited can be measured only by 
the number of the surrounding tentacles which are in- 
flected, and by the amount and rate of their move- 
ment. Equally vigorous leaves, exposed to the samo 
temperature (and this is an important condition), 
are excited in different degrees under the. following 
circumstances. A minute quantity of a weak sulu- 
tion produces no eiTect ; add more, or give a rather 
stronger solution, and the tentacles hend. Tonch 
a gland once or twice, and no movement follows; 
touch it three or four times, and the tentacle becomes 
inflected. But tho nature of the substance which is 
given is a very important clement : if equal-sized par- 
ticles of glass (which acts only mechanically), of 
gelatine, aud raw meat, are placed on the discs of 
several leaves, tho meat causes far more rapid, ener- 
getic, and widely extended movement than the two 
former substances. The number of glands which aro 
excited also makes a great difference in the result : 
place a bit of meat ou one or two of the discnl 
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glands, and only a. few of the immediately surround- 
ing short tentacles are inflected ; place it on several 
glands, and many muro are acted on ; place it on 
thirty or forty, and all the tentacles, inclnding the 
extreme marginal ones, become closely inflected. We 
thus see that the impulses proceeding from a number 
of glands strengthen one another, spread farther, and 
act on a larger number of tentacles, than the im- 
pulse from any single gland. 

Transmission of Uie Motor ImpuJse.—In every ease 
the impulse from a gland has to travel for at least 
a short distance to the basal part of the tentacle, 
the upper part and the gland itself being merely 
carried by the inflection of the lower part. The 
impulse is thus always transmitteii down nearly 
the whole length of the pedicel. When the central 
glands are stimulated, and the extreme marginal ten- 
tacles bfcomo inflected, the impulse is transmitted 
across half the diameter of the disc; and when the 
glands on one side of the disc are stimulated, the 
impulse is transmitted across nearly the whole width 
of the disc. A gland transmits its motor impulse 
far more easily and quickly down its own tentaele 
to the bending place than across the disc to neigh- 
bouring tentacles. Thus a minute dose of a very 
weak solution of ammonia, if given to one of the 
glands of the exterior tentacles, causes it to bend and 
reach the centre ; whereas a large drop of the same 
solution, given to a score of glands on the disc, will 
not cause through their combined influence the least 
inflection of the exterior tentacle's. Again, when a 
bit of meat is placed on the gland of an exterior 
tentacle, I have seen movement in ten seconds, and 
repeatedly within a minute; but a much larger bit 
placed on several glands on the disc does not cause 
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the exterior tentacles to bend until half an hour or 
even several hours have elapsed. 

The motor impulse spreads gradually on all eiJea 
firom one or more excited glands, bo that the ten- 
tacles vbich stand nearest are always first affeeted. 
Hence, when the glands in the centre of the disc 
are excited, the extreme marginal tentacles are the 
last inflected. But the glands on difTcrent parts of 
the leaf transmit their motor power in a somewhat 
diETereut manner. If a hit of meat be placed on - 
the long-headed gland of a marginal tentacle, it 
quickly transmits an impulse to its own bending 
portion ; but never, as far as I have observed, to the 
adjoining tentacles; for those are not affected until 
the meat haa been carried to the central glands, 
which then radiate forth their conjoint impulse on all 
sides. On four occasions leaves were prepared by 
removing some days previously all the glands from 
the centre, so that these coidd not be excited by 
the bita of meat brought to them by the inflection of 
the marginal tentacles; and now these marginal ten- 
tacles re-exi)anded after a time without any other 
tentacle being afTected. Other leaves were similarly 
prepared, and bits of mcot were placed on the 
glands of two tentacles in the third row from the out- 
Bide, and on tho glands of two tentacles in the fifth 
row. In these four cases the impulse ivas sent 
in the first place laterally, that is, in the same 
concentric row of tentacles, and then towards the 
centre ; but not ceutrifugally, or towards tho ex- 
terior tentacles. In one of these cases only a single 
tentacle on each side of the one with meat was 
affected. In the three other cases, from half a dozen 
to a dozen tentacles, both laterally and towards the 
centre, were well inflected or sub-inflected. Lastly, in 
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ten other experiments, minute bits of meat were placed 
on a single gland or on two glands in the centre of the 
disc. In order that no other glands should touch 
the meat, through the inflection of the closely adjoin- 
ing short tentacles, about half a dozen glands had 
been previously removed round tlie selected ones. On 
eight of these leaves from sixteen to twenty-five of the 
short surrounding tentacles were inflected in the course 
of one or two days ; so that the motor impulse radiate 
ing from ono or two of the discal glands is able to 
produce this much effect. The tentacles which had 
been removed are included in the above numbers ; for, 
from standing so close, they would certainly hnve been 
affected. On the two remaining leaves, almost all the 
short tentacles on the disc wcro inflected. With a 
more powerful stimulus than meat, namely a little 
phosphate of lime moistened with saliva, I have seen 
the inflection spread still farther from a single gland 
thus treated ; but even in this case the three or four 
outer rows of tentacles were not affected. From these 
experiments it appears that the impulse from a single 
gland on the disc acts on a greater number of ten- 
tacles than that from a gland of one of the exterior 
elongated tentacles ; and this probably follows, at 
least in part, from the impulse having to travel a very 
short distance down the pedicels of the central ten- 
tacles, so that it is able to spread to a considerable 
distance all round. 

Whilst examining these leaves, I was struck with the 
feet that in six, perhaps seven, of them the tenlaclea 
were much more inflected at tho distal and proxi- 
mal ends of the leaf {i.e. towards the apex and base) 
than on either side ; and yet the tentacles on the sides 
stood as near to tho gland where tho bit of meat lay 
as did those at the two ends. It thus appeared as 



Chap. S. TRANBMISSION OF MOTOR IMPULSE. 237 

if the motor impulae was transmitted from the centre 
across the disc more readily in a longitudinal than 
in a transverse direction ; and as tliia appeared a 
new and interesting fact in the physiology of plants, 
thirty-fivo fresh experiments were made to test its 
truth. Minute bits of meat were placed on a single 
gland or on a few glands, on the right or left side of 
the discs of eighteen leaves ; other bits of the same 
size being placed on the distal or proximal ends of 
seTenlccn other leaves. Now if the motor impulse 
were transmitted with equal force or at an equal rate 
through the blade in all directions, a bit of meat 
placed at one side or at one end of the disc ought to 
affect equally all the tentacles situated at an equal 
distance from it; but this certainly is not the case. 
Before giving the general results, it may bo well to 
describe three or four rather unusual cases. 



(1) A minate fragment of a flj was pkced on one riiIo of tl:e 
diM, and after 32 m, seven of tho outer li:nlacl<;s near the frap- 
ment were inflected ; after 10 brs. eevcrol mure l«canio bo, aii<l 
aft«r23hrB. aittill greater number; and now tlio bladu of tlio 
leaf on this aide was bent inwards bo us to stand up nt rj^lit 
Bngtea to tho other side. Neither the blade of the leaf nor a 
Eiugle tentacle on the opposite cide was affected; tho lino of 
separation between tho two halves extending from the foot^tiilk 
to the apex. Tho leaf remained in tliis 8tato for three dayii, 
and on the fourth day began to re-espnnd; not a singiu ten- 
tacle having been inflected on tho opinaito Eide. 

(3) I will here give a cose not incladed in tho above thirty- 
five experiments. A xmall fly was found adhering h; its feet to 
the left side of tho disc. The teulaclcR on this side Eoon closed 
in and killed tho fly ; and owing probably to its BtrnpEle whilut 
alive, the leaf was bo mach excited that in about 24 hre. nil tho 
tentacles ou the opposite sido Iwcamo inflected; but ob the; 
found no prey, for thuir glands did not reach the fly, they ro- 
expanded in the course of 15 lirs. ; the tentacles ou the left side 
remaining cldsped for several dayw. 

(3) A bit of meat, rather larger than those commonly used, 
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was placed in a mediat line at tho bcisal end of the disc, near 
the footetnlk; aifer 2 hrs, iJO m. some neighbouring tentacles 
were inflected ; after 6 lira, tlie tcntnclcs on both sides of the 
footstalk, and some way up both siiies, were moderately in- 
flected; after 8 hrs. the tentacles at the further or distal end 
were more inflected than those on either side; after 23 his. 
the meat was weU clasped hj all the t*?ntacle8, excepting by tho 
exterior ones on the two sides. 

(4) Another bit of meat was placed at the opposito or distal 
end of another leaf, with exactly the Eamo relative results. 

(5) A minute bit of meat was placed on one side of the disc ; 
next day the ueiglibouring short tentacles were inflected, aa 
well as in a slight degree three or four on the opposite side 
near tho footstalk. On the second day these latter tentacles 
showed eigDB of re-exponding, so 1 added & fresh bit of m<?at 
at nearly the same spot, and after two days some of the short 
tentacles on the oppisite side of tho disc were inflected, Aa 
soon as those began to re-expand, I added another bit of meat, 
and next dsiy all the tentacles on the ojiposite side of the dieo 
were inflected towards the meat ; whereas wo have seen that 
those on the same side were affuctcd liy the Grst bit of meat 
which was given. 



Now for the general results. Of tho eighteen leaves 
oa which hits of meat were placed on the right 
or left siJca of the disc, eight had a vast number of 
tentacles inflected on the same side, and in four of 
them tho blado itself on this side was likewise in- 
flected ; whereas not a single tentacle nor the blade 
was affected on the opposite side. These leaves pre- 
sented a very curious appearance, as if only the in- 
flected aide was active, and the other paralysed. In the 
remaining ten cases, a few tentacles became inflected 
beyond tho medial line, on the side opposite to that 
where the meat lay ; but, in some of these cases, only 
at the proximal or distal ends of the leaves. The 
iufleetion on tho opposite side always occurred con- 
siderably after that on the same side, and in one in- 
stance not until the fourth day. We havo also seen 
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with No. 5 that bits of meat had to Ite added thrice 
before all the short tentacles on the opposite side of 
tho disc were inflected. 

The result was widely different when bita of meat 
were placed in a medial line at the distal or proximal 
ends of the disc. In three of the seventeen experi- 
ments thus made, owing either to the state of tho leaf 
or to the smallneaa of the bit of meat, only the im- 
mediately adjoining tentacles were affected ; hut in the 
other fourteen cases tho tentacles at tho opposite cud 
of the leaf were inflected, though these were as distant 
fkim where the meat lay as were those on one side of 
the disc from the meat on the opposite side. In some 
of the present cases the tentacles on the si'les were not 
at all affected, or in a less degree, or after a longer 
interval of time, than those at tho opposite cud. One 
set of experunents is worth giving in fuller detail. 
Cubes of meat, not quite so small as those usually cm- 
ployed, were placed on one side of the discs of four 
leaves, and cubes of the same size at the proximal 
or distal end of four other leaves. Now, when theso 
two sets of leaves were compared after an interval of 
24 hrs., they presented a striking diflerenee. Thoso 
having tho cubes on one side were very slightly 
affected on the opposite side ; whereas those with the 
cubes at either eud liad almost every tentacde at tho 
opposite end, even the marginal ones, closely in- 
flected. After 48 hrs. the contrast in the state of the 
two sets was still great; yet thoso with the meat on 
one side now had their discal and submargiual ten- 
tacles on the opposite side somewhat inflected, this 
being due to the large size of tho cubes. Finally we 
m^ conclude from these tbirty-fivo experiments, not 
to mention the six or seven previous ones, that tha 
motor impulse is transmitted^from any single gland 
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or small gronp of glands througli the blaclo to the 
other teutiiclcs more readily and effectually in a 
longituJinal thiin in a tranaverse direction. 

As long as the glands remain excited, and this may 
last for many days, even for eleven, as when in contact 
with phosphate of lime, they continue to transmit a 
motor impulse to the basal and bending parts of their 
own pedicels, for otherwise they would re-expand. The 
great difference in the length of time during which 
tentacles remain inflected over inorganic objects, and 
over objects of the same size containing soluble nitro- 
. genous matter, proves the same feet. Eut the intensity 
of the impulse transmitted from an excited gland, 
which has begun to pour forth its acid secretion and 
is at the aime time absorbing, seems to be very small 
compared with that which it transmits when first ex- 
cited. Thus, when moderately large bits of meat were 
placed on one side of the disc, and the discal and snb- 
marginal tentacles on the opposite side became in- 
flected, so that their glands at last touched the meat 
and absorbed matter from it, they did not transmit 
any motor influence to tho exterior rows of tentacles 
on tho same side, for those never became inflected. 
If, however, meat had been placed on the glands of 
these same tentacles before they had begun to secrete 
copiously and to absorb, they undoubtedly would have 
affected the exterior rows. Nevertheless, when I gave 
some phosphate of lime, iihich is a most powerful 
stimulant, to several submarginal tentacles already 
considerably inflected, but not yet in contact with 
some phosphate previously placed on two glands in the 
centre of the disc, the exterior tentacles on tbe same 
side were acted on. 

When B gland is first excited, the motor impulse is 
discharged within a few seconds, na wo know from the 
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bonding of the tentacle; and it appears to bo dis- 
charged at first with much greater force than aftrr- 
wards. Thus, in tho case above given of a small fly 
naturally caught by a few glands on one side of a leaf, 
an impulse was slowly transmitted from them across 
the whole breadth of tho leaf, causing tho opposite 
tentacles to be temporarily inflected, but the glands 
which remained in contact with tho insect, though 
they continued for several days to send an impulse 
down their own pedicels to the bending place, did 
not prevent the tentacles on the opiKisito side from 
quickly re-expanding ; so that tho motor discharge 
must at first have been more powerful than afterwards. 
When an object of any kind is placed on tho disc, 
and the surrounding tentacles are inflected, their 
glands secrete more copiously and tho secretion 
becomes acid, so that some influenco is sent to 
them from the discol glands. This change in tho 
nature and amount of the secretion cannot depend 
on the bending of the tentacles, as the glauds of the 
short central tentacles secrete acid when an ohject is 
placed on them, though they do not themselves beml. 
Therefore I ini'erred that the glands of the disc sent 
some influence up tho siirruunillng tentacles to their 
glands, anil that these reflected biick a motor impulse 
to their basal parts ; but this view Wiis soon provi.'d 
erroneous. It was found by many trials that tentacles 
with their glands closely cut off by sharp seiss'irs 
often become inflected and again re-expand, still 
appearing healthy. One which was observed con- 
tinued healthy for ton days after the operation. I 
therefore cut the glands off twenty-fivo tentacles, 
at different times and on different leaves, and seyen- 
teen of these soon became inflected, and afterwards 
re-expanded. The re-expansion commenced in about 
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8 hra. or 9 his., and waa completed in from 22 hra. to 
30 hrs. from the time of inflection. After an interval 
of a day or two, raw meat with saliva waa placed on the 
discs of these seventeen leaves, and when observed 
next day, seven of the headless tentacles were inflected 
over the meat aa closely as the uninjured ones on 
the same leaves j and an eighth headless tentacle 
became inflected after three additional days. The 
meat was removed from one of these leaves, and tha 
surface washed with a little stream of water, and after 
three days the headless tentacle re-exjianded for the 
secoTid time. These tentacles without glands were, how- 
ever, in a different state from those provided with glands 
and which hijd absorbed matter from the meat, for the 
protoplasm within the cells of the former had under- 
gone far less aggregation. From these experiments 
with headless tentacles it is certain that the glands 
do not, as far as the motor impulse is concerned, act in 
a reflex manner like the nerve-ganglia of animals. 

But there is another action, namely that of aggrega- 
tion, which in certain cases may be called reflex, and 
it is the only known instance in the vegetable king- 
dom. We should bear in mind that the process does 
not depend on the previous bending of the tentacles, 
as we clearly see when leaves are immersed in certain 
strong solutions. Nor does it depend on increased 
secretion from the glands, and this is shown by several 
facts, more especially by the papill.T, wldch do not 
secrete, yet undergoing aggregation, if given carbonate 
of ammonia or an infusion of raw meat. When a gland 
is directly stimulated in any way, as by the pressure of 
a minute particle of glass, the protoplasm within the 
cells of the gland first becomes aggregated, then that 
in tho cells immediately beneath the gland, and bo 
lower and lower down the tenfat^lc^ to their bases ; — 
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that is, if tlie etimnlus bos been sufficient and not 
injnrions. Now, when the glanda of the disc are 
excited, the exterior tentacles are affected in exactly 
the same manner ; the aggregation always com- 
mences in their glands, though these have not been 
directly excited, but have only received some influ- 
ence from the disc, as shown by their increased acid 
secretion. The protoplasm within the cells immedi- 
ately beneath the glanda are next affected, and so 
downwards from cell to cell to the bases of the 
tentacles. This process apparently deserves to be 
called a reflex action, in the same manner as when a 
sensory nerve is irritated, and carries an impression 
to a ganglion which sends back some influence to a 
muscle or gland, causing movement or increased 
secretion ; but the action in the two eases ia probably 
of a widely different nature. After the protoplasm in a 
tentacle has been aggregated, its redissolution always 
begins in the lower jMirt, and slowly travels up the 
pedicel to the gland, so that the protoplasm last 
aggregated is first redissolved. This probably dejiends 
merely on the protopla.'^m being less and less aggre- 
gated, lower and lower down in the tentacles, as can 
be seen plainly when the excifement has Ijeen slight. 
As soon, therefore, as the aggregating ac'tiou altogether 
ceases, redissolution naturally eommenees in the less 
strongly aggregated matter in the lowest part of the 
tentacle, and ia there first completed. 

Direction of (he Infiecled Tentacles. — AVhen a particle 
of any kind ia placed on the gland of one of the outer 
tentacles, this invariably moves towards the centre of 
the leaf; and so it is with all the tentacles of a leaf 
immersed in any exciting fluid. The glands of the 
eit«rior tentacles then form a ring round the middle 
part of the disc, as shown in a i>rcviou3 figure (fig. 4. 
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p. 10). The short tentacles within this ring etill 
retain their vertical position, as they likewise do when 
a large object is plaeed on their glands, or when an 
insect ia caught by them. In this latter case we can 
see that the inflection of the abort central ti^ntacles 
would be useless, as their glands are already in con- 
tact with their prey. 

The result is very different when a single gland on 
one side of the disc is excited, or a few in a group, 
These send an impulse to 
(ho surrounding teotaclee, 
which do not now bend 
towards the centre of the 
leaf, but to the point 
of excitement. We owe 
' this capital observation to 
Nitschke,* and since read- 
ing his paper a few years 
ago, I have repeatedly 
verified it. If a minute bit 
of meat be placed by the 
aid of a needle on a single 
gland, or on throe or four 
together, halfway between 
the centre and the eircum- 
..^ '''^"''.r,- , ference of the disc, the 

u.tt-nU'Tt-diwiiiithrKTiii.ri'TfnB^rt directed movement of tho 
iLa di-i" "' ™''" '^^ ™ ""' '""■' "' surrounding tentacles ia 
well exhibited. An accu- 
rate drawing of a leaf with meat in this position is 
here reproduced (fig. 10), and wo see the tentacles, in- 
cluding some of tho exterior ones, accurately directed 
to the point where the meat lay. But a much better 




• 'Hot. Ziituiip,* ISGO, p, 210. 
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plan is to place a particls of tho phospliate of lime 
moistened with saliva on a single gland on one side 
of tho disc of a large leaf, and another particle on a 
single gland on the opposite side. . In four aut-h 
trials the excitement was not sufficient to aflect the 
outer tentacles, but all those near tho two pniiita 
were directed to them, so that two wheels were formed 
on the disc of the same leaf; the pedicels of the 
tentacles forming the spokes, and the glanda united 
in a mass over the phosphate representing the axles. 
The precision with which each tentacle pointed to 
the particle was wonderful ; so that in some cases I 
could detect no deviation from perfect accuracy. 
Thoa, although the short tentacles in tho middle of 
the disc do not bend when their glands are excited 
in a direct manner, yet if they receive a motor impulse 
from a point on one side, they direct themselves to tho 
point equally well with the teutaclesi on tho borders of 
the disc. 

In these experiments, some of the short tentacles on 
the disc, which would have been directed to the centre, 
had the leaf been immersed in an exciting fluid, wcro 
now inflected in an exactly opposite direction, viz. 
towards the circumference. These tentacles, therefore, 
had deviated as much as 180" from the direction which 
they would have assumed if their own glands had 
been stimulated, and which may be considered as the 
normal one. Between this, tho greatest possible and no 
deviation from the normal direction, every degree could 
be observed in the tentacles on these several leaves. 
Notwithstanding the precision with which tho tentacles 
generally were diroeteil, those near tho circumference 
of one leaf were not accurately directed towards some 
phosphate of lime at a rather distant point on the 
opposite side of tho disc. It appeared as if tho motor 
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impulse in passing tranaverecly across nearly the 
whole width of tlie disc had departed somewhat from 
a true course. This accords with what wo Lave 
already seen of the impulse travelling less readily in 
a transverse than in a longitudinal direction. la 
some other cases, the exterior tentacles did not seem 
capable of such accurate movement as the shorter 
and more central ones. 

Nothing could be more striking than the appear- 
ance of the above foiu- leaves, each with their ten- 
tacles pointing truly to the two little masses of the 
phosphate on their discs. Wo might imagine that we 
were looking at a lowly organised animal seizing prey 
with its arms. In the case of Drosera the explanation 
of this accurate power of movement, no doubt, lies in 
the motor impulse radiating in all directions, and 
whichever side of a tentacle it first strikes, that side 
contracts, and the tentacle conscfjucufly bends towanis 
the point of excitement. The pedicels of the tentacles 
are flattened, or elliptic in section. Near the bases of 
the short central tentacles, the flattened or broad face 
is formed of about five longitudinal rows of cells ; in 
the outer tentacles of the disc it consists of about six 
or seven rows ; and in the extreme marginal tentacles 
of above a dozen rows. As the flattened bases are 
thus formed of only a few rows of cells, the precision 
of the movements of the tentacles is the mure remark- 
able ; for when the motor impulse strikes the base of 
a tentacle in a very oblique direction relatively to its 
broad face, scarcely more than one or two cells towards 
one end can be affected at first, and the contraction 
of these cells must draw the whole tentacle into the 
proper direction. It is, perhaps, owing to the exterior 
licdicels being much flattened that they do not bend 
quite so accurately to the point of excitement as the 
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more central onea. The properly directed moTement 
of the tentacles ia not an unique case in the vegetable 
kingJom, for the tendrils of miiuy plaiita tiurvo to- 
wanla the side which is tuuchtid; but (he case of 
Drosera is far more interesting, as here the tentacles 
are not directly excited, but receive an impulse from 
a distant point; nevertheless, they bend accurately 
towards this point. 

On the Nature of the Tissues OirouQh which tlw Motor 
IinpuUe is Transmitted. — It will be necessary first 



'v^V^^ 



to describe briefly the 
coarse of the main fibro- 
Tascnlar bundles. These 
are showTi ia the accom- 
panying sketch (fig. 11) 
of a small leaf. Little 
vessels from the neigh- 
bouring bundles cuter 
all the many tentacles 
with which the surfaco 
is stadded; but these 
are not liere represented. 
The central trunk, which 
runs up the footstalk, 
bifurcates near the centre 
of the leaf, each branch '™- "■ 

Dimrcatina; again and „ \. , ., ., ,. , , . 
again ticcording to the viscokr u»uc id • eauM ict 

size of the leaf. This 

central tninb sends off, low down on each side, a 
delicate branch, which may bo called the sublateral 
branch. There is also, on cuch side, u main lateral 
branch or bundle, which bifurcates in the same 
manner as the others. Bifurcation docs not imply 
that any single yesael divides, but that a bundle 
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divides into two. By looking to either side of ths 
leaf, it will be aeen that a branch from the great 
central bifurcation inosculates with a branch from the 
lateral bundle, and that there is a smaller inoscii- 
hition between the two chief branches of the lateral 
bundle. The course of the vessels ia very complex 
at the larger inosculation ; and here vessels, retain- 
ing the same diameter, are often formed by the 
union of the bluntly pointed endg of two vessels, 
but whether these points open into each other by 
their attached surfaces, I do not know. By means 
of the two inosculations nil tho vessels on the 
same side of the leaf are brought into some sort of 
connection. Near the circumference of the larger 
leaves tho bifiu-cating branches also come into close 
union, and then separate again, forming a continuous 
zigzag lino of vessels round the whole circnmference, 
But the union of the vessels in this zigzag line seems 
to he much less intimate than at the main inoscula- 
tion. It should be added tJiat the course of the 
vessels differs somewhat in different leaves, and even 
on opposite sides of tho same leaf, but the main 
ioosculatiim is always present. 

Now in my first experiments with bifa of meat 
placed on one aide of the disc, it so happened that not 
a single tentacle was inflected on the opposite side; 
and when I saw that tho vessels on tho same side were 
all connected together by the two inosculations, whilst 
not a vessel passed over to the opposite side, it seemed 
probable that the motor impulse was conducted ex- 
clusively along them. 

In order to test this view, I divided transversely 
with the point of a lancet the central trunks of four 
leaves, just beneath the main bifurcation; and two 
days aftcnvards placed rather large bits of raw meat 
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(a most powerful stimulant) near tho eentro of the 
disc above the incisiou — that is, a Httlo towards the 
apex — with the following results :— 

(1) This leaf proved rather torpid ; after 4 hra. iO m. (in all 
CMoa reckoning from tbo time when the meat was gifeti) tlie 
t«ntaclea at the distal end were a little inflected, bnt nowherQ 
else; they remained so for three dajs, anJ ro-cjpandni on tlio 
fourth day. Tho leaf was then dissected, and the triinlc, oa well 
aii the two snblateral branches, were found divided. 

(2) After 4 hra. 30 m. many of the tentacles at the distal end 
were well inflected. Next day thu hl.idc and all the teatacles at 
this end were strongly inflected, and were separated by a dia- 
linct transverse line from tlie basal half of the leaf, which was 
not in the least affected. On tho third day, however, some of 
the short tentacles on the disc near the base were very slightly 
indectod. The incision was found on dissection to extend acrosa 
the leaf as in tho last case. 

(3) After 4 hrs. 30 m. strong inflection of tho tentacles at 
the distal end, wiuch during the next two days never extended 
in the least to the basal eniL Tho incision as before. 

(4) This leaf was not observed until 15 hrs. had elapsed, and 
then all the tentaclcB, except the extremo marginal ones, were 
found equally welt inflected all round the leaf On careful 
examination the spiral vessels of tho central trunk were cer- 
tainly divided ; but the incision on one side had not passed 
through the fibrous tissue enrrounding these vessels, though it 
had passed through tho tissue on tho other sido.* 

The appearance presented fcy the leavea (2) and (3) 
was Tery curious, and miglit ho aptly compared with 
that of a man with his backbone broken and lower ex- 
tremities piralysed. Excepting that the line between 
the two halves was hero transverse instead of longitu- 
dinal, these leaves were in the same state as some of 
those in tho former experiments, with bits of meat 
placed on one side of tho disc. The case of leaf (1) 

• M. Ziocler made nimilur fi- ''C-imptcii renilun," 1R74, p. HIT), 
perimcnts by r-iittinj tins ppinil lint arrivnl ut pnncliuioM wiJuly 
veeseli of Dro»cra tiitcrnibiiui dilfort^ut from mine. 
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proves that the spiral vessels of the central tnmk may 
be divided, and yet the motor impulse be transmitted 
from the distal to the basal end; and this led me at 
first to suppose that the motor force was sent through 
the closely surrounding fibrous tissue; and that if one 
half of this tissue was left undivided, it sufficed for 
complete transmission. But opposed to this conclusion 
is tho fiict that no vessels pnas directly from one side 
of the leaf to tho other, and yet, as wo have seen, if 
a rather large bit of meat is placed on one side, the 
motor impulse is sent, though slowly and imperfectly, 
in a transverse direction across the whole Lrendth of 
tho leaf. Nor can this latter fact be accounted for 
by supposing that tho transmission is effected through 
the two inosculations, or through the circumferential 
zigzag line of union, for had this been the case, tho 
exterior tentacles on the ojiposite side of the disc 
woidd have been affected before tho more central ones, 
which never occurred. ^Ve have also seen that the 
extreme marginal tentacles appear to have no power 
to transmit an impulse to tho adjoining tentacles ; yet 
the little bundle of vessels which enters each marginal 
tcnfaclo sends off a minute branch to those on both 
sifles, and this I have not observed in any other ten- 
tacles; so that tho marginal ones are more closely 
connected together by spiral vessels than are the 
others, and yot have much less power of communi- 
cating a motor impulse to one another. 

But besides these several facts and arguments we 
have conclusive evidence that the motor impulse is 
not sent, at least exclusively, through the spiral 
vessels, or through tlio tissue immediately surrounding 
them. We knew that if a bit of meat is placed on a 
gland (the inimediutely adjoining ones having been 
removed) on any jmrt of the disc, all tho short eur- 
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toonding tentacles bend almost simtiltaDCOUslj with 
great precision towards it. Now there are tentacles 
on the disc, for instance near the extremities of tLo 
snblateral bundles (tig. 11), which are supplied with 
vessels that do not come into contact with the branches 
that enter the surrounding tentacles, except by a very 
long and extremely circuitous course. Nevertheless, 
if a bit of meat is placed on the gland of a tentacle 
of this kind, all the surrounding ones are inflected 
towards it with great precision. It is, of course, pos- 
sible that an impulse might be sent through a long 
and circuitous course, but it is obviously impossible 
that the direction of the movement could be thus 
communicated, so that all the surrounding tentacles 
should bend precisely to the point of cxeitomcnt. The 
impulse no doubt is transmitted in straight radiating 
lines from the excited gland to the siirrouniling ten- 
tacles; it cannot, therefore, be sent along the fibro- 
vascular bundles. The efl'ect of cutting the central 
vessels, in the above cases, in preventing the transmis- 
sion of the motor impulse from the distal to the basal 
end of a leaf, may be attributed to a considerable s[)uee 
of the cellular tissue having been divided. We shall 
hereafter see, when wc treat of Dionica, that this same 
conclusion, namely that the motor impulso is not 
transmitted by the fibro-vascuJar bundles, is plainly 
confirmed ; and Professor Cohn has come to the saino 
conclusion with respect to Aldrovanda — both members 
of the Uroseracefe. 

As the motor impulse is not transmittoil along the 
vessels, there remains for its passage only thu cellnlat 
tissue; and the structure of this tissue explains to a 
certain extent how it travels so quickly down the long 
exterior tentacles, and much more slowly across the 
blade of the k'jif. We shall also soe why it i 
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the blade more quickly in a longitudinal than in a 
transverse direction; though with time it can pass in 
any direction. We know that tho same stimulus 
causes movement of the tentacles and aggregation of 
tho protoplasm, and that both influences originate in 
and proceed from the glands within the same brief 
apace of time. It seems therefore probable that tho 
motor impulse consists of the first commencement of 
a molecular change in the protoplasm, which, when 
well developed, is plainly visible, and has been desig- 
nated aggregation ; but to this subject I shall return. 
We further know that in tho transmission of the aggro- 
gating process the chief delay is caused by the passage 
of the transverse cell-walls; for as tho aggregation 
travels down the tentacles, the contents of each suc- 
cessive cell seem almost to flash into a cloudy mass. 
We may therefore infer that the motor impulse is in 
like manner dtdayed chiefly by passing through the 
cell- walls. 

The greater celerity with which the impulse is 
transmitted down tho long exterior tentacles than 
across the disc may bo largely attributed ffl its being 
closely confined within the narrow pedicel, instead 
of radiating forth on all sides as on the disc. But 
besides this confinement, the exterior cells of the ten- 
tacles are fully twice as long as those of the disc ; so 
that only half the number of transverse partitions 
have to be traversed in a given length of a tentacle, 
compared with an equal spaco on the disc ; and thero 
would bo in the same proportion less retardation of the 
impulse,. Moreover, in Bections of the exterior ten- 
tatdes given by Dr. Warming,* the parenchymatous 



CuiP. X. CONDUCTINO TISSUES. 253 

cells are shown to be still more elongated ; and these 
would form the most direct line of communicution from 
the gland to the bending place of the tentacle, . If fho 
impulse travels down the exterior cells, it would have 
to cross from between twenty to thirty transverse par- 
titions ; but rather fewer if down the inner parenchy- 
matous tissue. In either case it is remarkable that 
the impulse is able to pass through so many par- 
titions down nearly the whole length of the pedicel, 
and to act on the bending place, in ten seconds. Why 
the impulse, after having passed so quickly down one 
of the extreme marginal tentacles (about V.i- of an 
inch in length), should never, as far as I have seen, 
affect the adjoining tentacles, I do not understand. 
It may bo in part accounted for by much energy 
being expended in the rapidity of the transmission. 

Most of the cells of the disc, both the superficial 
ones and the larger cells which form the five or six 
imdcrlying layers, are about four times as long as 
broad. They are arranged almost longitudinally, 
radiating from the footstalk. The motor im[)ulse, 
therefore, when transmitted across tlio disc, has to 
cross nearly four times as many cell-walls as when 
transmitted in a longitudinal direction, and would 
consequently bo much delayed in the former case. 
The cells of tho disc converge towards the bases of 
the tentacles, and aro thus fltted to convoy tho motor 
impulse to them from all sides. On the whole, the 
arrangement and sluipo of tho colls, both those of the 
disc and tentacles, throw much light on tho rate and 
manner of diffusion of tho motor impulse. But why 
tho impulse proceeding from the glands of tho ex- 
terior rows of tentacles fends to travcd liitendly and 
towards the centre of the leaf, but not centrifugal ly, is 
by no mciins clear. 
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Mechanism of ike Movements, and Nature of tlte 
Motor Impuhe. — AVhatever may be tho means of 
movement, the exterior tentacles, considering their 
delicacy, are inflected with much force. A bristle, 
held so that a length of 1 inch projected from a 
handle, yielded when I tried to lift with it an in- 
flected tentacle, which was somewhat thinner than the 
bristle. The amount or extent, also, of the movement 
is great. Fully expanded tentacles in becoming in- 
flected sweep through an angle of 180°; and if they 
are beforehand reflexed, as often occurs, the angle is 
considerably greater. It is probably the superficial 
cells at the bending place which chiefly or exclusively 
contract ; for the interior cells have very delicate 
walls, and are so few in number that they could hardly 
cause a tentacle to bend with precision to a deflnite 
point. Though I carefully looked, I could never 
detect any wrinkling of the surface at the bending 
place, even in the cjise of a tentacle abnormally 
curved into a complett) citole, under circumstancea 
hereafter to lie mentioned. 

All the cells are not acted on, though the motor 
impulse passes through them. When the gland of 
one of the long exterior tentacles is excited, the 
upper cells are not in the least affecteil; about half- 
way down there is a slight bending, but the chief 
movement is confined to a short space near the base ; 
and no jwirt of the inner tentacles bends except the 
basal portion. With respect to the blado of the leaf, 
the motor impulse may be transmitted through many 
cells, from the centre to the circumference, without 
their being in the least affected, or they may be 
strongly aetcd on and the blade greatly inflected. 
In the latter case the movement seems to depend 
partly on tbo strength of the stimulus, and partly on 
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ita natme, as when leaves aie immersed in certain 
fluids. 

The power of movement whit-h various plants possess, 
when irritated, has been attributed by high authorities 
to the rapid passage of fluid out of certain cells, which, 
from their previous state of tension, immediately con- 
tract." Whether or not this is the primary cause of 
gnch movements, fluid must pass out of closed cells 
when they contract or are pressed together in one 
direction, unless they at the sitmc time expand in 
Bome other direction. For instance, fluid can bo seen 
to oozo from the surface of any yuuug and vigorous 
shoot if slowly bcut into a somi-circlct In the case 
of Drosera there is certainly much movement of the 
fluid throughout the tentacles whilst they are under- 
going inflection. Many leaves can be found in which 
the purple fluid within the cells is of an equally dark 
tint on the upper and lower sides of the tentacles, 
extending also downwards on both siiles to equally 
near their bases. If the tentacles of such a leaf are 
excited into movement, it will generally be found after 
some hours that the cells on the concave side are much 
paler than they were before, or are quite colourless, 
those on the convex side having become much darker. 
In two instances, after particles of hair had been placed 
on glands, and when in the course of 1 hr. 10 m. the 
tentacles were incurved halfway towards the centre 
of the leaf, tbia change of colour in the two sides was 
conspicuously plain. In another case, after a bit of 
meat had been placed on a gland, the purple colour 
was observed at intervals to bo slowly travelling from 
the upper to the lower part, down the convex sido of 

* BachB, "Tmitd do But' 3td LDmarek. 
edit 1871, p. 1038. Tl,iB vw^i + SachB, ibid. p. 919. ' 
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the bending tentacle. But it docs not follow from 
these observations that the cells on the convejt side 
liecome filled with more fluid during the act of in- 
flection than they contained before; for fluid may all 
the time be passing into the disc or into the glands 
which then secrete freely. 

The bending of the tentacles, when leaves are im- 
mersed in a dense fluid, and their subsequent re- 
cx[Htnsion in a less dense fluid, show that the passage 
of fluid from or into tho cells can cause movements 
like tho natural ones. But the inflection thus caused 
is often irregular ; the exterior tentacles being some- 
times spirally curved. Other unnatural movements 
are likewise caused by the application of dense fluids, 
as in the case of drops of syrup placed on the backs 
of leaves and tentacles. Such movements may be 
compared with the contortions which many vegetable 
tissues undergo when subjected to esosmose. It is 
therefore doubtful whether they throw any light on 
the natural movements. 

If we admit that the outward passage of fluid is 
the cause of tho bending of the tentacles, wo must 
suppose that the cells, before the act of inflection, 
are in a high stnte of teusion, and that they are 
elastic to an extraordinary degree ; for otherwise their 
contraction could not cause the tentacles often to 
sweep through an angle of above 180^ Professor 
Cohn, in his interesting paper' on the movements 
of tho stamens of certain Compositiu, states that tliese 
organs, when dead, are as elastic as threads of india- 
nibber, and are then only half as long as they were 
when alive. He believes that tho living protoplasn: 

■ ' Abband. der Schlee. Ge«o11. is ppvcn to the ' AnnalB nnd Ma^. 
tHr vaterL Oultur,' IStil, Heft L of Nut. HUl.' 3rd scriua, 18G3, 
AnoioullontabHtnictortbiflimper voL li. pp. 188-ISI7. 
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within their cells is ordinarily in a state of oxpniision, 
but is paralysed by irritation, or may be said to aufFer 
temporary death ; the elasticity of the cell-walla then 
coming into play, and causing the contractiou of the 
Ktamens. Now the cells on the upper or concave side 
of the bending part of the tentacles of Drosero do not 
appear to be in a state of tension, nor to be highly 
elastic; for when a leaf is suddenly killed, or diea 
slowly, it is not the upper but the lower sides of the 
tentacles which contract from elasticity. We mny, 
therefore, conchtde that their movements cannot be 
accounted for by the inherent elasticity of certain 
cells, opposed as long as they are alive and not irri- 
tated by the expanded state of their contents. 

A somewhat different view liaa been advanced by 
other physiologists — namely that the protoplasm, 
when irritated, contracts like the soft sarcode of 
the muscles of animals. In Drosera the fluid within 
the cells of the tentacles at the bi-nding place appears 
under tho microscope thin and homogeneous, and after 
aggregation consists of small, soft masses of matter, 
nndergoing incessant changes of form and floating in 
almost colourless fluid. These masses are completely 
redissolved when tho tentacles re-expand. Now it 
seems scarcely possible that such matt^'r should have 
any direct mechanical power; but if through some 
molecular change it were to occupy less space than it 
did before, no doubt the cell-walls would close up and 
contract. But in this case it might be expected that' 
the walls would exhibit wrinkles, and none could over 
be seen. Moreover, tho conttmts of all tho cells eeom 
to be of exactly the same nature, both before and after 
aggregation; and yet only a few of the basal cella 
contract, the rest of the tentacle remaining straight, 

A third view raaintuineil by «ome phyaiologiets, 
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though rejected by most others, U that the whole cell, 
including the walls, actively coutracta. If the walls are 
epmpoaed solely of non-nitrogenous cellulose, this view 
is highly improbable ; but it can hardly be doubted 
that they must bo permeated by proteid matter, at 
least whilst they are growing. Nor does there seem 
any inherent improbability iii the cell-walla of Drosera 
contracting, considering their high state of organisa- 
tion ; as shown in the case of the glands by their power 
of absorption and secretion, and by being exquisitely 
Bonsitive so ns to bo affected by the pressure of the 
moat minute partieles. The cell-walls of the pedicels 
also allow various impulses to pass through them, 
inducing movement, increased secretion and aggrega- 
tion. On the whole the belief that the walls of certain 
cells contraet, some of their contained fluid being at 
the same time forced outwards, perhaps accords best 
with the observed facts. If this view is rejected, the 
next most probable one is that the fluid contents of 
the cells shrink, owing to a change in their molecular 
state, with the consequent closing in of the walls. 
Anyhow, the movement can hardly be attributed to 
the elasticity of the walls, together with a previous 
state of tension. 

With respect to the nature of the motor impulse 
which is transmitted from the glands down the pedi- 
ceb and across the disc, it seems not improbable that 
it is closely allied to that influence which causes the 
•protoplasm within the cells of the glands and ten- 
tacles to aggregate. We have seen that both forces 
originate in and proceed from the glands within a 
few seconds of the same time, and are excited by the 
same causes. The aggregation of the protoplasm lasts 
almost as long as the tentacles remain inflected, 
even though this Uc for mure than u week ; but, the 
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protoplasm is redisaolved at the beuding place shortly 
before the tentacloe* re-expand, showing that the ex- 
citing cause of the aggregating proceaa has tlien quite 
ceased. Exposure to carbonic acid causes both the 
latter process and the motor impulse to traTcl very 
slowly down the tentacles. We know that the aggre- 
gating process is delayed in passing through the cell- 
walls, and we have good reason to liclieve that this 
holds good with the motor impulse ; for wo can thus 
understand the different rates of its transmission in a 
longitudinal and transverse line across the disc. Under 
n high power the first sign of aggregation is the ap- 
pearance of a cloud, and soon afterwanls of extremely 
fine granides, in the homogeneous purple fluid n-ithin 
the cells; and this apparently is due to the union of 
molecules of protoplasm. Now it does not seem an 
improbable view that the eamc tendency — namely for 
the molecules to approach each other — should be com- 
municated to the inner surfaces of the celt-walls which 
are in contact with the protoplasm ; and if so, their 
molecules would approach each other, and the cell-wall 
would contract. 

To this view it may with tnith be objected that 
when leaves are immersed in various strong snlu- 
tions, or are subjeete<l to a heat of above 130° 
Fahr. (u4'''4 Cent,), aggregation ensues, but there is 
no movement. Again, various acids and some other 
fluids cause rapid movement, hut no aggregation, or 
only of an abnormal nature, or only after a long 
interval of time ; but as most of these flui'Is are moro 
or less injurious, they may check or prevent the aggre- 
gating process by injuring or killing the protophxsm. 
There ia another and mora important diPTerenco in tbo 
two processes : when the glands on the disc are ex- 
cited, they transmit some influence up the surrounding 
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tentacles, wbicli acta on the cells at the Lending place, 
but does not induce aggregation iintil it has reached 
the glands ; these then send back some other in- 
fluence, caning the protoplasm to aggregate, first in 
the upper and then in the lower cells. - 

TJie Ee-e-xpansion of Ihe Tentacles. — This movement is 
always slow and gradual. \\'hcn the centre of the 
leaf is excited, or a leaf is immersed in a proper solu- 
tion, all the tentacles bend directly towards the centre, 
and afterwai'ds directly back from it. But when tho 
point of excitement is on one side of the disc, thu 
surrounding tentacles Imnd towards it, and therefore 
obliquely with respect to their normal direction ; when 
they afterwards re-expand, they bond obliquely back, 
80 as to recover their original positions. The ten- 
tacles furthest from an excited point, wherever tbiit 
may be, are the lust and the least atl'ectcd, and probably 
in consequence of this they aro the first to re-expand. 
The bent portion of a closely inflected tentacle is in a 
state of active contraction, as shown by tbe following 
experiment. Meat was placed on a leaf, and after tho 
tentacles were closely inflected and had quite ceased to 
move, narrow strips of the disc, with a few of the outer 
tentacles attached to it, were cut off and laid on ono 
side under the microscope. After several failures, I 
succeeded in cutting off tho convex surface of tbe bent 
portion of a tentacle. Jlovement immediately recom- 
menced, and the alreaily greatly bent portion went on 
bending until it formed a perfect circle ; the straight 
distal portion of the tentacle passing on one side of tho 
strip. The convex surface must therefore have pre- 
viously been in a state of tension, sufficient to counter- 
balance that of tbe concave surface, which, when free, 
curled into a complete ring. 

Tho tentacles of an expanded and iinexcited leaf 
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are moderately rigid and elastic ; if bent by & needle, 
the upper end yields more easily than the basul and 
thicker part, which alone is capable of becoming in- 
flected. The rigidity of this basal part seems due to 
the tension of the outer surface balancing a state of 
active and persistent contraction of the cells of the 
inner surface. " I believe that this is the case, because, 
when a leaf is dipped into boiling water, the tentacles 
suddenly become reflexed, and this apparently indi- 
cates that the tension of the outer surface is mecha- 
nical, whilst that of tho inner surface is vital, and is 
instantly destroyed by the boiling water. We can 
thus also understand why the tentiicles as they grow 
old and feeble slowly become much roflescd. If a 
leaf with its tentacles closely inflected is dipped into 
boiling water, these rise up a little, but by no means 
fully re-expand. This may be owing to the heat 
quickly destroying the tension and olusticity of tho 
cells of tho convex surface ; but I can hardly believe 
that their tension, at any oiio time, would suffice to 
carry back the tentacles to their original position, 
often through an angle of aUive 180^. It is more 
probable that fluid, which wo know travels along tho 
tentacles during the act of inflection, is slowly re- 
attracted into the cells of the convex surface, their 
tension being thus gradually and continually in- 
creaseil. 

A recapitulation of the chief facts and discussions 
in this chapter will he given at tho close of the next 
chapter. 
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As Euinmariea have been given to most of the 
ohuptcra, it will bo sufficient here to recapitulate, as 
briefly as I can, the chief points. In the first chiiptor 
a preliminury sketch wjis given of the structnre of the 
leaves, anil of the manner in which they capture 
insects. This is effected by drops of extremely viscid 
fluid surrounding the glands and by the inward 
movement of the tentacles. As the plants gain moat 
of their nutriment by this means, their roots are very 
poorly developed; and thoy often grow in places" 
whero hartlly any other plant except mosses can 
exist. The glands have the power of absorption, 
besides that of secretion. They are extremely sen- 
sitivo to various stimulants, namely repeated touches, 
the pressure of minute particlea, the absorption of 
animal matter and of various fluids, heat, and gal- 
vanic action. A tentacle with a bit of raw meat on 
the gland has been seen to begin bending in 10 3,, 
to bo strongly incurved in 5 m., and to . reach the 
ceutre of tho leaf in half an hour. The blade of tho ' 
loaf often becomes so miich inflected that it forma a 
cup, enclosing any object placed on it. 

A gland, when e.^eited, not only sends some in- 
fluence down its own tentacle, causing it to bend, but 
likewise to the surroundiug tentacles, which become 
incurved ; so that the bending place can be acted on 
by an imimlso received from opjiosite directions, 
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namely from the gland on the summit of the some 
tentacle, and from one or more glands of the neigh- 
bouring tentacles. Tentacles, when iiiflccteil, re-ex- 
pand after a time, and during this process the gluuds 
secrete less copiously, or become dry. Aa soon as 
they begin to secrete again, tlio teutnclcs are ready 
to re-act ; and this may bo repeated at least three, 
probably many more times. 

It was shown in tbe second chapter that animal sub- 
stances placed on the discs cause muck more prora|it 
and energetic inflection than do inorganic bodies of 
the same size, or mere mechanical irritation ; but 
there is a still more marked difference in the greater 
length of time during which the tentacles remain in- 
flected over bodies yielding soluble and nutritious 
matter, than over those which do not yield such 
matter. Extremely minute particles of glass, cinders, 
hair, thread, precipitated chalk, &e., when placed on 
the glands of the outer tentacles, cause them to bend. 
A particle, unless it sinks through the secretion and 
actually touches the surface of the gliiud ttith some 
one point, does not produce auy effect. A little bit 
of thiu human hair -roVii of ^^ ii"^li (■203 mm.) in 
length, and weighing only y-rlTrr ot a grain ('000822 
mg.), though largely supported by the dense secn^ 
tion, suffices to induce movement. It is not probable 
that, the- pressure in this case could have amounted 
to that from the millionth of a grain. Even smaller 
particles cause a slight movement, as could be seen 
through a lens. Larger pai-ticles than those of which 
the measurements have been given cause no sensation 
when placed on the tongue, one of the most sensitive 
parts of the human body. 

Movemeut ensues if a gland is momentarily touched 
three or four times ; but if touched only once or twice, 
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though with considerable force and with a hard object, 
the tentacle does not bend. The plant is thns saved 
from much uaelesg movement, as during a high wind 
the glands can hardly escape being occasionally 
brushed by the leaves of suiTounding plants. Though 
insensible to a single touch, they are exquisitely sensi- 
tive, as just stated, to the slightest pressure if pro- 
longed for a few seconds; and this capacity is mam> 
fustly of service to the plant in capturing small 
insects. Even gnats, if they rest on the glands with 
their delicate feet, are quickly and securely embraced. 
The glands are insensible to the weight and repeated 
blows of drops of heavy rain, and the plants are thus 
likewise saved from much useless movement. 

The description of the movements of the tentacles 
was interrupted in the third chapter for the sake of 
diiscribing the process of aggregation. This process " 
always commences in the cells of the glands, the con- 
tents of which first become cloudy ; and this has 
been observed within 10 s. after a gland has been 
excited. Granules just resolvable under a very high 
power soon appear, sometimes within a minute, in the 
cells beneath the glands ; and these then aggregate 
into minute spheres. The process afterwards travels 
down the tentacles, being arrested for a short time at 
each transverse partition. The small spheres coalesce 
into larger spheres, or into oval, elub-heaJed, thread- 
er necklace -like, or otherwise shaped masses of pnjto- 
plasm, which, suspended in almost colourless fluid, 
exhibit incessant spontaneous changes of form. These 
frequently cealesee and again separate. If a gland 
has been powerfully excited, all the cells down to the 
base of the tentacle are afTeeted. In cells, especially 
if filled with dark red fluid, the first step in tbo 
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process often is the formatiou of a dark red, bag- 
like mass of protoplasm, wliich afterwards divides 
and undergoes the usual repeated changes of form. 
Before any aggregation has been excited, a slieet of 
coloarless protoplasm, including granules (tho prim- 
ordial utricle of Mohl), flows round tho walls of the 
cells; and this becomes more distinct after tho con- 
tents have been partially aggregated into spheres 
OT bag-like masses. Dut after a time the granules 
are drawn towards the central masses and nnito with 
Ihem; and then the circulating sheet can no longer 
be distinguished, but tliero is atill a current of trans- 
parent fluid within the cells. 

Aggregation is excited by almost all the stimulants 
which induce movement; such as the glands being 
touched two or three times, tho pressure of miuuto 
inorganic particles, tho absorption of various fluids, 
-even long immersion in distilled water, esosmose, and 
heat. Of the many stimulants trieil, carbonate of 
ammonia is the most energetic and acts the qnickest : 
a dose of -ttt'tutt of a grain (■000-18 mg.) given to 
a single gland suffices to cause in one hour well- 
marked aggregation in the upper cells of the tentacle. 
Tho process goes on only as long as tlio protoplasm 
is in a living, vigorous, and oxygenated condition. 

The result is in all respects exactly tho BOme, 
whether a gland has been excited directly, or has 
received an influence from other and distant glands. 
But there is oao important difference : when tho 
central glands are irritated, they transmit centri- 
fngally an influence up tho pedicels of the exterior 
tentacles to their glands ; but the actual process of 
aggregation travels centripetally, from' the glands of 
the exterior tentacles down their pedicels. The ex- 
citing influence, therefore, which is truusmitted from 
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one part of the leaf to another must be different 
from that which actually induces aggregation. The 
process does not depend on the glands secreting 
more copiously than they did before ; and is inde- 
pendent of the inflection of the tentacles. It con- 
tinues as long as the tentacles remain inflected, and as 
soon as these aro fully re-oxpahded, the little masses 
of protoplasm are all rcdissolved ; the cells becoming 
filled with homogeneous ptu'ple fluid, as they were 
before the leaf was excited. 

As the process of aggregation can be excited by a 
few touches, or by the pressure of insoluble particles, 
it is evidently iudcpeudent of the absorption of any 
matter, and must be of a molecular nature. Even when 
caused by the absorption of the carbonate or other 
salt of ammonia, or an infusion of meat, the process 
seems to be of exactly the same nature. The proto- 
plasmic fluid must, therefore, bo in a singularly un- 
stable condition, to be acted on by such slight and 
varied causes. Physiokigists believe that when a 
nerve is touched, and it transmits an influence to other 
parts of the nen^ous system, a molecular change is 
iuduced in it, though not visible to us. Therefore it 
is a very interesting spectacle to watch the effects on 
the cells of a gland, of the pressure of a bit of hair, 
weighing only --RfTm "f a grain and largely supported 
by the dense secretion, for this excessively slight 
pressure soon causes a visible change in the proto- 
plasm, which change is transmitted down the whole 
length of the teutacle, -giving it at last a mottled 
appearance, distinguishable even by the naked eye. 

In the fourth chapter it was shown that leaves 
placed for a short time in water at a temperature of 
110" Fahr. (idi'S Cent.) become somewhat inflected; 
they aro thus also rendered more sensitive to the action 
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of meat than they were before. If esposed to a tem- 
perature of between 115" and 125" (46°1— 51°-6 Cent.), 
lliey are quickly inflected, and their protoplasm under- 
goes aggregation ; when afterwards placed in cold water, 
they re-expand. Exposed to 130" (54M Cent.), no in- 
flection immediately occurs, but the leaves are only 
temporarily paralysed, for on being left in cold water, 
they often become inflected and afterwards re-expand. 
In one leaf thus treated, I distinctly saw the protoplasm 
in movement. In other leaves, treated iu the sumo 
manner, and then immersed in a solution of carbonate 
of ammonia, strong aggregation ensued. Leaves placed 
in cold water, after an exposure to so high a tem- 
perature as 145'' (6 2'- 7 Cent.), sometimes become 
slightly, though slowly, inflected ; and afterwards have 
the contents of their cells strongly aggregated by car- 
bonate of ammonia. But the duration of the immer- 
sion is an important element, for if left in water at 
145° (62°-7 Cent.), or only at 140' (GO" Cent.), until it 
becomes cool, they are killed, and the contents of tho 
glands are rendered white and oparine. This latter 
result seems t« be due to the coagulation of the albu- 
men, and was almost always caused by even a short 
exi>osure to 150° (65" '5 Cent.) ; but different leaves, and 
even the separate cells in the same tentacle, differ con- 
siderably in their power of resisting heat. Unless the 
heat has been sufficient to coagulate the albumen, car- 
bonate of ammonia subsequently induces aggregation. 
In the fifth chapter, the results of placing drops of 
various nitrogenous and non -nitrogenous organic fluids 
on the discs of leaves were given, and it was shown 
that they detect with almost unerring certainty the 
presence of nitrogen. A decoction of green peas or 
of fresh cabbage-leaves acts almost as powerfully as an 
infusion of raw meat ; whereas au iui'usiou of cabbage- 
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liiavcB made by kec[)iug them fur a, lung time in 
merely warm water is far loss efficient, A decoction 
of grass-leavea is less powerful tlian one of green peas 
or cabliage-leaves. 

These results led me to inquire whether Drosera 
possessed the power of dissolving solid animal matter. 
The csperiments proving that the leaves are capable 
of true digeatiou, and that the glands absorb the di- 
gested matter, are given in detail in the sixth chapter. 
These are, perhaps, the most interesting of all my 
observatiuna on l>rosera, as no such power was Ijefore 
distinctly known to exist in the vegetable kingdom. 
It is likewise an interesting fact that the glands of the 
dise, when irritated, should transmit some influence 
to the glands of the exterior tentacles, causing tbcm 
to secrete more copiously and the secretion to be- 
come acid, aa if they Lad been Qirectly excited by 
an object placed ou them. The gastric juice of ani- 
mals contains, as is well known, an acid and a fer- 
ment, both of which are indispensable for digestion, 
and so it is with tlie secretion of Drosora. When the 
stomach of an animal is mechanically irritated, it 
secretes an acid, aud when particles of glass or other 
such objects were placed on the glands of Drosera, 
the accretion, and that of the surrounding and un- 
touched glands, was increased in quantity and became 
acid. But, according to Schiff, the stomach of au 
animal does not secrete its proper ferment, pepsin, 
until certain substances, which ho calls peptogenes, 
are absorbed; and it appears from my experimenla 
tliat some matter must bo absorbed by the glands 
of Drosera before they secrete their proper ferment. 
Tliat the secretion does contain a ferment which acts 
only in the presence of on acid on solid animal 
matter, was clearly proved by addling minute doses of 
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an alknli, which entirely arrested the process of digcs- 
tion, this immediately recommencing as soon as iha 
alkali was neatralised by a littlo weak hydrocliloric 
acid. From trials made with a largo number of 
substances, it was found that those which tho secretion 
of Droscra dissolves completely, or partitdly, or not 
at all, are acted on in exactly tho same manner Ly 
gastric juice. We may, therefore, conclude that tho 
ferment of Drosera is closely analogous to, or identical 
with, the pepsin of animals. 

The substances which are digested by Drosera act 
on tho Icjives very differently. Some causo auch 
more energetic and rapid inflection of the tentacles, 
and keep them inflected for a much longer time, than 
do others. We are thus led to believe that tbo 
former aro more nutritious than tho latter, as is 
known to bo the case with some of these aamo sab- 
stances when given to animals; for instance, meat in 
comparison with gelatine. As cartilage is so tough a 
substance and is so littlo acted on by water, itw 
prompt dissolution by the secretion of Drosera, and 
subsequent absorption, is, perhaps, one of the nuist 
striking cases. But it is not really more reinarkabli: 
than the digestion of meatj which is dissolved by tliis 
secretion in the same manner and by tho sumo stages 
as by gastric juice. The secretion dissolves bone, and 
oven tho enamel of teeth, but this is simply duo to 
tho large quantity of acid secreted, owing, apparently, 
to the desire of tbe plant for phosphorus. In tlio 
case of bone, the ferment docs not come into play 
until all the phosphate of lime has been decomiKised 
and free aeid is present, and then the fibrous basis is 
quickly dissolved. Lastly, tho secretion attacks and 
dissolves matter out of living seeds, which it some- 
times kills, or injures, as shown by the diseased state 
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of tho eeedlings. It also absorbs matter from pollen, 
and from fragments of leaves. 

The seTcnth chapter was devoted to the action of 
the salts of ammonia. These all cause the tentacles, 
and often tho blade of the leaf, to be inflected, and 
tlie protoplasm to be aggregated. They act with very 
different power ; the citrate being the least powerful, 
and the phosphate, owing, no doubt, to the presence 
of phosphorus and nitrogen, by fur the most powerful. 
But the relative efficiency of only throe salts of 
ammonia was carefully determined, namely the car- 
bonate, nitrate, and phosphate. The experiments were 
made by placing half-minims (-0296 ml.) of solutions 
of different strengths on the discs of the leaves, — by 
applying a minute drop (about the ^\^ of a minim, or 
■[X)296 ml.) fur a few seconds to three or four glands, — 
and by the immersion of whole leaves in a measured 
quantity. In relation to these experiments it was 
neeossary first to ascertain the effects of distilled water, 
and it was found, as described in detail, that the more 
sensitive leaves are affected by it, but only in a slight 
degree. 

A solution of the carbonate is absorbed by tho roots 
and induces aggregation iti their cells, but docs not 
affect tho leaves. The vapour is absorbed by the 
glands, and causes inflection as well as aggregation. 
A drop of a solution containing -j-J^ of a grain 
(■0G75 mg.) is the least quantity which, when placed 
on the glands of the disc, excites the exterior ten- 
tacles to bend iuwards. But a minute drop, contain- 
ing Ti-J-bTj ol' " griiin (-00445 mg.), if applied for a few 
Bcconda to the secretion surrounding a gland, causes 
the inflection of tho Bume tentacle. When a highly 
sensitive leaf is immersed in a solution, and there is 
ample time for absorption, the -nn'T^rs of " grain 
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(-00024 mg.) is sufGcient to escito a single tentacle 
into movement. 

The nitrate of ammonia iniluces aggregation of tlie 
protoplasm mTich less quickly than the carboniitc, but 
is more potent in causing inflection. A drop contain- 
ing Ti'„-u of a grain (-027 mg.) placed on the disc acts 
powerfully on all the exterior teutatles, which have 
not themaelvea received any of the solution ; whereas a 
drop with -j-yVu- of >* grain caused only a few of thoso 
tentacles to bend, but affected rather more plainly the 
blade. A minute drop appHetl as before, and contain- 
ing r ^ i -^nr of a grain ("0025 mg.), caused the tentacle ■ 
bearing this gland to bend. By the immersion of 
whole leaves, it was proved that the absnqttion by a 
single gland of , : :j -r \„„ of a grain ("0000937 mg.) was 
sufficient to set the same tentacle into movement. 

The phosphate of ammonia is much more powerful 
than the nitrate. A drop containing ttt'iti of a grain 
(•0169 mg.) placed on the disc of a sensitive leaf 
causes most of the exterior tL-ntaelcs to be inflected, 
as well aa the blade of the leaf. A minute drop con- 
taining T , j'^ I, „ of a grain (-000423 mg,), applied for a 
few seconds to a gland, act-s, as shown by tho move- 
ment of tho tentacle. When a leaf is immersed in 
thirty minims (1-7748 ml.) of a solntion of one part by 
weight of the salt to 21,875,000 of water, the absorp- 
tion by a gland of only the TTrs'-irosi! of a gmin 
(-00000328 mg.), that ie, a>iont the one-twenty-mil- 
lionth of a grain, is siiificient to canee the tentacle 
bearing this gland to bend to the centre of the 
leaf. In this experiment, owing to the presence of 
the water of crystallisation, less than the one-thirty- 
millionth of a grain of the efficient elements could 
have been absorbed. There is nothing remarkable in 
Buch minute (luautitiee being absorbed by the glands, 
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fur all j>hysiulugifts admit that tho salts of ammonia, 
which must be brought in still smaller quantity by a 
single shower of rain to the roots, are absorbed by 
them. Nor is it surprising that Drosera should be 
enabled to profit by the absorption of these salta, for 
yeast and otlior low fungoid forms flourish in solutions 
of ammonia, if the other necessary elements are pre- 
sent. Eut it is an astonishing fa«t, on which I will 
not hero again enlarge, that bo inconceivably minute a 
quantity as the one-twenfy-millionth of a grain of 
phosphate of ammonia should induce some change in 
a gland of Drosera, sufficient to cause a motor impulse 
to be sent down the whole length of the tentacle ; this 
impulse exciting movement often through an angle of 
above 180°. I know not whether to be most astonished 
at this fact, or that the pressure of a minnto bit of 
hair, supported by tho dense secretion, should quickly 
cause conspicuous movement. Sforeover, this extreme 
sensitiveness, exceeding that of tho most delicate part 
of the human body, as well as tho power of transmit- 
ting various impulses from one part of the leaf to 
another, liave been acquired without the intervention 
of any nervous system. 

As few plants are at present known to possess glands 
specially adapted for absorption, it seemed worth while 
to try tho effects on Drosera of various other salts, 
besides those of ammouia, and of various acids. Their 
action, as described in tho eighth chapter, does not 
correspond at all strictly with their chemical affinities, 
an inferred from the classification commonly followed. 
The nature of the baso is far more influential than 
that of the acid ; and this is known to hold good with 
animals. 3*'or inst.ince, nine adts of sodium all caused 
well-marked inflection, and none of them were poison- 
ous in small doses ; whereas seven of the nine corre- 
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sponding salts of potassium produced no effect, two 
causing slight iufleclion. Small doses, moreover, of 
some of tho latter salts were fxiisoDous. The salts 
of sodium and potassium, when injected into the veins 
of animals, likewise differ widely in their action. The 
eo-culled earthy salts produce hardly any efFect on 
Drosera. On tho other hand, most of the metallic 
I aalts cause rapid and strong inflection, and are highly 
' poisonous ; but there are some odd exceptions to this 
rule; thus chlorido of lead and zinc, as well as two 
salts of barium, did not cauao inflection, and were not 
poisonous. 

Most of the acids which were tricfl, though much 
I diluted (one part to 437 of water), and given in small 
' dosos, acted powerfully on Drosera ; nineteen, out of the 
twenty-four, causing the tentacles to be more or less 
inflected. Moat of them, even the organic acids, ore 
poisonous, often highly so ; and this is remarkable, as 
. the juices of so many plants contain acids. Benzoic 
acid, which is innocuous to animals, seems to be as 
poisonous to Drosera as hydrocyanic. On the other 
hand, hydrochloric acid is not poisonous either to 
animals or to Drosera, and induces only a motlerate 
amount of inflection. Many acids excito the glands to 
secrete an extraordinary quantity of mucus; and the 
protoplasm within their cells seems to be oftefi killed, 
as may bo inferred from the surrounding fluid soon 
becoming pink. It is strange that allied acids act 
very difl'erently : formic acid indnces very slight in- 
flection, and is not poisonous ; whereas acetic acid of 
the same strength acts most powerfully and is poi- 
L lononB. Lactic acid is also poisonous, but causes 
■ inflection only after a considerable lapse of time. 
t Halie acid acta slightly, whereas citric and tartaric 
L acids produce no eflect. 
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In the ninth chapter the effects of the absorption of 
Yiiriou3 alkaloids and certain other substances were 
described. Although some of these arc poisonous, yet 
as several, which act powerfully on the nervous system 
of animals, produce no effect on Drosera, wo may infer 
that the extreme sensibility of the glands, and their 
[wwer of transmitting an influence to other partd of 
the leaf, causing movement, or modified secretion, or 
aggregation, does not depend on the presence of a 
diffused clement, allied to nerve-tissue. One of the 
most remarkable facts is that long immersion in tho 
poison of the cobra-snake docs not in the least 
check, but rather stimulates, tho spontaneous move- 
ments of the protoplasm in tho cells of the tentacles. 
Solutions of various salts and acids behave very dif- 
ferently in delaying or in quite arresting the sub- 
sequent action of a solution of phosphate of ammonia. 
Camphor dissolved in water acts as a stimtdant, as 
do small doacs of certain essential oils, for they cause 
rajiid and strong inflection. Alcohol is not a slimu- 
Unt. The vapours of camphor, alcohol, chloroform, 
sulphuric and nitric ether, are poisonous in moderately 
large doses, hut in small doses serve as narcotics or 
aniESthctics, greatly delaying the subsequent action 
of meat. But some of these vapours also act as stima- 
lauts, exciting rapid, almost spasmodic movements in 
tho tentacles. Carbonic acid is likewise a narcotic, 
and retards the aggregation of the protoplasm when 
carbonate of ammonia is subsequently given. The first 
access of air to plants which have been immersed in 
this gas sometimes acts as a stimulant and indnces 
movement. Bnt, as l>ofore remarked, a special pharma- 
copQiia would be necessary to describe tho diversified 
effects of various substances on the leaves of Drosera, 
. In the tenth chapter it was shown that the sensitive- 
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ness of the leaves appears to be wholly confined to 
the glands and to the immediately underlying cpIIs. 
It was further shown that the motor impulse and other 
forces or influences, proceeding from the glands when 
excited, pass through the cellular tissue, and not along 
the fibro-vascnlar bundles. A gland sends its motor 
impulse with great rapidity down the pedicel of the 
same tentacle to the basal part which alone bends. The 
impulse, then passing onwards, spreads ou all sides to 
the surrounding tentaeles, first aflccting those which 
stand nearest and then those farther off. But by being 
thus spread out, and from the cells of the disc not 
being so much elongated as those of the tentacles, it 
loses force, and here travels much more slowly than 
down the pedicels. Owing also to the direction and 
form of the cells, it passes with greater ease and cele- 
rity in a longitudinal than in a transverse line iutoss 
the disc. The impulse proceeding from the glands of 
the extreme marginal tentacles docs not seem to have 
force enough to affect the adjoining tentacles ; and 
this may be in part due to their length. The impulse 
from the glands of the nest few inner rows spreails 
chiefly t-o the tentacles on each side and towards tho 
centre of the leaf; but that proceeding from the glands 
of tho shorter tentacles on the disc radiates almost 
equally on all sides. 

When a gland is strongly excited by the quantity 
or quality of the substance placed on it, tho motor 
impnlso travels farther than from one slightly excited ; 
and if several glands arc simultaneously excited, the 
impulses from nil unite and spread still farther. As 
soon as a gland is excited, it discharges an impulse 
which extends to a considerable distance ; but ai'ter- 
wards, whilst tho gland is secreting and absorbing, 
the impulse suffices only to keep the same tentacle 
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inflected ; though the inflection may last for many I 
dftys. 

If the bending place of a tentacle receives an impulse 
from its own gland, the movement is always towards 
the centre of the leaf; and ao it is with all the 
tentacles, when their glands are excited by immei- 
liion in a proper fluid. The short ones in the middle 
part of the disc must be exceptetl, as these do not 
bend at all when thus excited. On the other hand, 
when the motor impulse comes from one side of ths'l 
disc, the surrounding tentacles, including the short 1 
ones in the middle of the disc, all bond with pre- f 
cision towards the point of excitement, wherever thi« J 
may be seated. This is in every way a remarkable | 
phenomenon ; for the leaf falsely appears as if ( 
duwed with tho senses of an aiiimal. It is all the 1 
more remarkable, as when tho motor impulse strikett I 
the base of a tentacle obliquely with respect to ital 
flattened surface, tho contraction of the cells must be j 
confined to one, two, or a very few rows at one end. I 
And different sides of the surrounding tentacles must J 
be acted on, in order that all should bend with pro- 1 
ciaion to tiio point of excitement. 

The motor impulse, as it spreads from one or mora 
glands across the disc, .enters the bases of the snr- 
rotinding tentacles, and immediately acts on the bend- 
ing place. It docs not in the first place proceed up.j 
the tentacles to the glands, exciting them to reflec 
back an impulse to their bases. Nevertheless, 
in8uence is sent up to the glands, as their t 
tion is soon increased and rendered acid ; and then I 
the glands, being thus excited, send back some other ] 
influence (not dependent on increased secretion, nor | 
on tho inflection of tho tentacles), causing the proto- | 
plasm to aggregate in cell beneath cell. This may J 
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be called a reflex action, though probably very dif- 
ferent from that proceeding from the nerve-ganglion 
of an animal ; and it is the only known ease of reflex 
ftction in the vegetable kingdom. 

About the mechanism of the movemonte and the 
natnre of the motor impulse we know very little. 
During the act of inflection fluid certainly travels from 
one part to another of the tentacles. But the hypo- 
thesis which agrees best with the observed facts is 
that the motor impulse is allied in nature to the 
aggregating process; and tliat this causes the mole- 
cules of the cell-walls to approach each other, in the 
same manner as do the molecules of tho protoplasm 
within the cells ; so that tho cell-walls contract. But 
some strong objections may be urged against this view. 
The re-cxpausion of tho tentacles is largely due to 
the elasticity of their outer cells, which comes into 
play as soon as those on tho inner side cease con- 
tracting with prepotent force ; but we have reason to 
auspect that fluid is continually and slowly attracted 
into the outer cells during tho act of re-expansion, 
thus increasing their tension. 

I have now given a brief recapitulation of the chief 
points observed by me, with respect to the struc- 
ture, movtjments, constitution, and habits of Droiera 
rotundifolia ; and we see how little bus been made out 
in comparison with what remains unexplained and 
unknown. 




Droiera angliea — Droiera iiUennedia — Dntfn eapauit — Drtmra 

ipaihalala — DnMera ^iforma — Drotera binal ~ 

nimarka. 

I EXAMINED six other species of Drosera, some of 
them itihabitauts of distant countries, chiefly for t 
sake of ascertaining whether they caaght insects. 
soeraed the move nec'essary as the leaves of some c 
the species dMFer to an extraordinary degree i 
from the rounded ones of Drosera rotundifalit^ 
functional powers, however, they differ very little. 

Drosera an-jh'ca (Hudson).*— The leaves of this species, which 
was Btnt to mo &om Irulnnd, are much elongated, ani] grodoall; 
widoa from tLo footstjklk to the blimtlf poiiit«d apex. Thoy 
Blond almost croct, and theii blades somotimoB oxccud 1 inch 
in loDgth, whilst tiicir breadth is only the i of an inch. The 
glands of all the tentacles have the some structure, Bu that tho 
extreme marginal ones do not differ from the others, as in the 
case ot JiroBcra rotundi/olia. When they are irritated by being 
roughly touched, or by the presanro of minnt« inorganic par- 
ticlea, or by contact with animal matter, or by the absorption of 
carbonate of ammonia, the tentaclea become inflected ; tho basal 
portion Ixjing tho chief seat of movomoDt. Cutting or prickjcg 
tho blodo of the leaf did not excite any movement They fre- 
quently capture iuBccte, and the glands of the inHocted lectocloe 
pour forth much acid secretion. Bits of roost moat were placed 
on some glands, and tho tentocloa began to move in 1 m. or 
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1 m. 30 B. ; and in 1 hr, 10 m. reached the centre. Two bits of 
boiled cork, one of boilE>d thread, nod two of coal-cindt-re tnken 
from the Are, were placed, by the aid of an iiistrumeBt which 
had been immersed in boiling wafer, on Ato glands; tlieee snpor- 
flnous precantioDB having been taken on account of M. Zicgler'a 
stattiments. One of the particlt.« of cindur caused some inflection 
in a hn, 45 m., on did after 23 lire, the other particle of cinder, 
the bit of thread, and both bits of cork. Throe glands were 
touched half a dozen timeg with a needle; one of the tentacles 
became well inftccted in 17 m.,and re-expanded after 24 bra.; the 
two others never moved. Tho homogeoeons fluid witiiin the cells 
of tho tontacles nndergoea aggregation after these have becomo 
inflected ; etipcciall; if given a solution of carbonate of ammonia ; 
and I obeerred the usual movements in the masHes of prolo- 
ploam. In one case, aggregation eneucd in 1 hr. 10 m. after a 
lODtacle had carried a bit of meat to tho centre. From these 
bets it is clear that the tentacles of Diosera amjliia behafe like 
those of Drotera rottiitdi/olia. 

If an ineeot is placed on the ccntrnl glands, or has been 
nAtnrally caught there, tho spcx of tho leaf curls inwards. 
For instance, dead flies were placed on tltree leaves near their 
tiaaes, and aft^r 21 hrs. the proviouEly straight apic«s were curled 
eompletelf over, so as to embrace and conceal the flies ; they had 
therofore moved through an angle of IStP. After three days the 
apex of one leaf, ti^etlier with the tentacles, began to re-eipand. 
Bnt M &r ss I have seen^and I made many trials— the sirles of 
the leaf are never inflected, and this is the one functional differ- 
ence between this apccicH ond DroKra rolu-ndi/olia. 

Drotrra iritenned'a (, Hay ne).— This Rpccics is quite as common 
in Bcrme parts of En^^land a^ Droi^m TOtundi/uiia. It differs from 
Ifrotera anylica, OS far as the leaves are concerned, only in their 
■mailer size, and in ttieir tips being generally a little rcflcxod. 
They capture a lai^ number of insects. The tentacles are excited 
into movement by all the causes above epecified ; and aggregation 
6DKU08, with movement of the protoplasmic niosiica. I have seen, 
through a Ions, a tentacle beginning to bend in lew than a 
mjnnle after a particle of raw meat had bet-n placed on the 
gland. The apex of the leaf curls over on exciting object as in 
the caseof /Jroirrct unijUm. Acid secretion is copiously poured 
over captured insects. A leaf which bad embraced a fly with 
11 its tentacles re-exxmnded after nearly three At 









—This Hpecie«, a native of the Cape of Good 



IK^, was sent to mo by Br. Hooker. The leaves ajjo elongated, 
Igbtly ooDCave along the middle and taper towards tho apov, 
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irhich ifi blunlly pointed Aud rcflexed. Thiij rise from an alinoBt 
woody asia, aod their greatest peculiarity consists in their 
foliaccouB gre&n footstalks, whieh are almoGt as broad and eren 
longer than t)ie gland-btaring blade. This specieH, therefore, 
probably draws more nourishment from the air, and less from 
captured iueecte, than the other species of the t^enus. Never- 
theless, the tentacles are crowded together on the disc, and aro 
extremely numerous; those ou the ninrginH being much longer 
than the central ones. All the glands have the same form ; tboii 
secretion is extremely Tiscid and acid. 

The specimen whieh I eiamined had only just recovered from 
a weak state of health. This may aecount for the lentocleB 
moving very slowly when particles of meat were placed on the 
glands, and perhaps for my never succeeding in eauRing any 
movement hy repciitedly touching them with a needle. But 
with all the species of the genus this latter stimulus is the least 
effective of any. Particles of glass, cork, and coal-cinders, wero 
placed on the glands of six tentacles ; and one alone moved after 
an interval of 2 hrs. 30 m, Nevertjieless, two glands were ex- 
tremely sensitive to very small doses of the nitrate of ammonia, 
namely to about ^V "^ " minim of a solution (one part to 5250 
of water), containing only yt^hto <•' "■ Efun (■000562 mg.) of 
the salt. Fragments of flies were placed on two leaves near their 
tips, which became incurved in 15 hrs. A fly was also placed >a 
the middle of the leaf ; in a few hours the tentacles on each side 
embraced it, and in 8 hrs. the whole leaf directly beneath the 
fly was a little bent trnuKvcrsely. By the next morning, after 
23 hrs,, the leof was eurlcd so completely over that the apex 
rexted on the upper end of the footstalk. In no case did the 
sides of the leaves tiecome inflected. A crushed fly was placed 
on the foliaeeoua footstalk, but produced no effect. 

Drviera sjxilhiitala (sent to me by Dr. Hooker), — I made only a 
few observations on this Austrslian species, which has hin^, 
narrow leaves, gradnaily widening towards their tips. The 
glands of the extreme mai^nal tentacles are elongated and differ 
from the others, as in tlie case of llrosera rotund'/olia. A fly was 
placed on a leaf, and in IH hrs. it was embraced by the adjoining 
tentacles. Gum-water dropped on several leaves produced no 
effect. A fragment of a leaf was immersed in a few drops of a 
solution of one jKirt of carbonate of ammonia to 146 of water; 
all the glands were instantly blackened ; the process of aggrega- 
tion could bo Keen travelling rapidly down the cells of the teu-^ 
tacles; and. the granules of protoplasm soon united into spheres 
and variously sbuijcd masses, which displayed the usnal move- 



(Sap. Xn. DROSEBA FILIFORMIS. 281 

moots. Half a miDun of a Roliition of ono part of nitrate of 
ammonia to 146 of water was iieit placed on the cenlro of a leaf ; 
after 6 hrs, some marginal tentacles on botli siiles were iuflcuted, 
and aftvT 'J lirB. the; met in ttie centre. Xbe lateral ed^ea of tlie 
leaf also became incurred, bo that it formed a half-cylinder ; but 
the apex of the leaf in none of my few trials was inflticlcd. The 
Above doBc of the nitrate (viz. j^ of a grain, or '202 mg.) was too 
powerful, for in the course of 23 hrs. tlio Iitaf died. 

lirotera filiformii. — This North American species growB in 
snch abundance in porta of New Jersey as almoet to cover the 
ground. It catches, according to Mrs. Treat,* an cstroordinary 
nnmber of small and lat^e insects,— even great flies of the 
geoos Asilus, motha, and butterflies. The Gpccimen which I 
examined, sent me by Dr. Hooker, had thread-like leaves, from 
6 to 12 inches in length, with the up)ier surfsce convex and 
the lower flat and slightly channellud. The whole convex 
Gnrfacfi, down to the roots — for there is no distinct footstalk— ia 
covered with short gland-bearing tentacles, those on the margina 
being the longest and reflcxed. Kits of meat placed on the 
glands of some ti^ntaclea caused them to bo slightly inflected in 
30 m. ; but the plant was not in a vigorous state. After 6 hrs. 
they moved through an angle of 90', and in 2'1 hrs. reached 
the centre. The surrouuiling tentacles by tliis time began to 
curve inwards. Ultimately a large drop of extremely viscid, 
slightly acid secretion was poured over the meat from tlie 
united glands. Several other glands were touched with a little 
Baliro, and the tentacles became incurved in under 1 br., and 
re-eipanded after 18 hrs. Particles of glass, cork, cinders, 
thread, and gold-leaf, were i>Iaced on numerous glanils on two 
leaves ; in aluut 1 hr. four tentacle.'! bi^came curved, and four 
Others after an additional interval of 2 hrs. 30 m. I never once 
snccoeded in causing any movement by repeatedly touching the 
glands with a needle; and Mrs. Trent made similar trials for me 
with no BQCcess. iSmall flics were placed on several leaves near 
their tips, but the tliread-liko blade became only on one occasion 
■very slightly bent, directly liencath the insect. Perhaps thin 
indicates that the blades of vigorons plants would bend over 
captured insects, and Dr. Cauby informs me that this is the 
case ; but the movement cannot be strongly pronouoced, as it 
was not ob«;rved by Mrs. Treat. 

iJroaerS binaia (or diclioloma). — I am much indebted to Lady 
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Dorothy Nevill for n fine pkctof this almost gigantic Australian 
epecioB, wliich differa in some interesting poiats from those pre- 
Yion.slj described. In this specimen the rnsh-like footstalks of 
the leaves were 20 inches in length. The blnde faifnrcates at its 
junctiim with the footstalk, and twice or thrice afterwards, curl- 
ing about in an irregular manner. It is narrow, being onlj ^ 
of an inch is breadth. One blade was 7^ inches long, eo that 
the entire leaf, including the footstalk, was above 27 inches in 
length. Both siirfnces are slightly liollowed out, The opper 
surface is covered with tentAcles arranged in alternate rows ; 
those in the middle tieing short and crowded together, those 
towards the mai^ins longer, even twice or thrice as long as the 
Made is broad. The glands of the exterior tentacles are of a. 
much darker red thou those of the central ones. The )>cdiceU 
of all are green. The apex of the blade ia attenuated, and bears 
■very long teutocloa. filr. Copland infonaa me that the leaves of 
n plant which he kept for some years were generally covered 
with captured insects be tore they withered. 

The leaves do not differ in esitcntial points of strncturc or of 
function from those of the previously descrilwd speciea. Bits of 
meat or a little saliva placed od the glands of the exterior 
tentacles caused well-marked movement in 3 m., and particles 
of glass acted in 4 m. Ttiu tentacles with the latter particles 
re-espandcd after 23 hrs. A piece of leaf immersed in a few 
drops of a solution of one part of carlionat* of ammonia to 437 
of water had all the glands blackened and all the tentacles 
inflected in 5 m. A bit of raw meat, placed on several glands in 
the medial furrow, was well clasped in 3 hrs. 10 m. by the mar- 
ginnt tentacles on both sides. liits of roast meat and small flies 
did not act quito so quickly; and albumen and librin still less 
quickly. One of the bits of meat excited so much Becretion 
(which is always acid) that it flowed some way down the medial 
furrow, causing the inflection of the tentacles on both sides as 
far as it extended. Particles of gloss placed on the glands in the 
medial furrow did not stimulate them sulficiently for any motor 
impulse to be sent to the outer tentacles. In no case was the 
blade of the leaf, even the attenuated apex, at al! inflected. 

On luth Ihe uitptr and lower surface of the blade there arc 
numerous minute, almost sesailo glands, consisting of four, eight, 
or twelve cells. On the lower surface they are pale purple, on 
the npper greenish. Nearly similar organs occur on the foot- 
stalks, but they are smaller and often in a shrivelled condition. 
The minute glands on the blade can absorb rapidly: thus, a 
pieoe of leaf was immersed in a solution of one part of carbonate 
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of ammonia to 218 of water (1 pr- to 2 oz.), and in 5 ra. tlicy 
weie &1I so much darkened as to be almost black, with their 
COntentE aggregated. The^r do ttot, as (or as I could obnerro, 
secreta spontaneouBl j ; but in between 2 and 3 hre. after a 
leaf had been mbbed with a bit of raw meat moistened with 
ssliva, they Bcemed to be Bocreting firccly ; and tliia conciuEion 
was aft«;rwards enpported by other appearances. Tlioy are, 
therefore, homologous with the sessile glands hereafter to bo 
deecribed on tho leaves of Dionoia and Droeophylluui. In 
this Uttor genua they are associated, as in tho present ease, with 
glands which secrete spontaneously, that is, without beinf; 
excited. 

Drtaera binaln presents another and more remnrkablo pecu- 
liarity, namely, tho presence of a few tentacles on the backs o' 
the leaves, near their margins. Thef^ are perfect in structure; 
spiral Teasels run up their pedicels; their gliinds are sur- 
rounded by drops of viscid secretion, and they have tho power of 
absorbing. This latter fact was shown by the glands imme- 
diately becoming black, and tho protoplasm ngfcrogaled, when 
a leaf was placed in a little solution of one part of carbonate 
of ammonia to 437 of water. These dorsal tentacles are short, 
not being nearly so long as tho marginal ones on the upper 
snrlace; some of them are so short as almost to graduate into 
the minute sessile glands. Their presence, numtter, and size, 
Taiy on different leaves, and they arc arranged rather irre- 
gnlarly. On the back of one leaf I counted ns many ns twcnty- 
ono along (me side. 

These dorsal tentacles differ in one important respect from 
those on tho upper surface, namely, in not posseting any power 
of moTement, in whatever manner they may be stimulated. Thus, 
portions of fuur leaves were placed at different times in solutions 
of carbonate of ammonia (one part to 437 or 218 of water), and 
all the tentacles on the upper surface soon became closely 
inflected ; but the dorsal ones did not move, though the leaves 
were left in the solution fq^ many hours, and though tlicir 
glands from their blackened colour had obviously absorbed some 
of the salt. Rither young loaves should bo selcctLHl for such 
trials, for tho dorsal tentacles, as they grow old and l>egin to 
wither, often spontaneously incline towards the middle of the 
leaf. If these tentacles had possessed the power of movement, 
they would not have been thus rendered more serviceable to the 
plant ; for they are not long enough to bend round the margin 
of the leaf so as to reach an insect caught on the upper surface, 
Nor would it have been uf uuy use if these tentacles could have 
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moved towards tho middle of the lower enrfacc. For there aro 
no Tiacid glands there bj which insects can be caught- 
Although they have no power of movement, they are prohobly 
of some use liy absorbing animal matter from any miniito iHBoct 
which ma; be caught by tbom, and by absorbing ammonia from 
tho rain-water, But their varying presence and Bize, and their 
irregular position, indicate that tbey are not of ranch serrice, 
and that they aro tending towards abortion. In a future chap- 
ter we shall bco that Drosopliyllum, with He elongated leaTea, 
probably represenla the condition of an early pn^nilor of the 
genus Drosora ; and none of the teotaclea of Drosophyl lum, neither 
those on the upper uor lower surface of the leaves, ore capable of 
movement when excited, though they capture nuraeroUB inaeots, 
which serve as nutriment. Therefore it seems that Jirotem 
b'mala has retaiued remnants of certain ancestral characters — 
namely a few motionless tentacles on tho twicks of the leaves, 
and fairly well developed sessile glands; — ^which have been lost by 
most or all of the other species of tho genua. 



Conduding Remarks.- — ^From what we have now bgcd, 
there can Ije little doubt that most or probably all the 
BjiecieB of Drosora arc udapted for catching insects by 
ucarly the same means. Besides the two Australian 
species above described, it ia said* that two other 
species from this country, namely i^roswa ^Hidrt and 
Drosera suljihurea, " close their leuvea upon insects with 
" great rapidity : and the same phenomenon is mani- 
" fested by an Indian species, B. lunaia, and by several 
" of those of the Ca2>e of Good Hope, especially by 
"D. trinervie." Another Australian si)ecie3, Drosera 
lieterophyUa (made by Lindley into a distinct genus, 
Sondera) is remartable from its peculiarly shaped 
leaves, but I know nothing of its power of catching 
insects, for I Jiave seen only dried specimens. Tho 
leaves form minute flattened cups, with the footstalks 
attached not to one margin, hut to tho bottom. The 

■ ' Ganlucer'a Clirooiclo,' 1874, p. 209. 
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inner surface and the edges of the cups are studded 
with tentacles, which include fibro- vascular bundlea, 
rather difl'erent from those seen by me in any other 
Bpecies; for some of the vessels are barred and punc- 
tured, instead of being spiral. The glands secrete 
copiousl)-, judging from the quantity of dried secretion 
adhering to them. 
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Structure of tlio Icavpa — PeneitiToncsB of the filnmenta — SapUi 
mnvcmDiit of tbo lohca cauei»l by irritulion of tiio lilonidntH — 
(■lands, their povei of Bocretioo — Slow movi^mcDt caiuod bj tho 
nbsorptioD of aaininl loatter — EvidoBCO of atworptioa from the 
H(;Kregntcd condition of tbo glands ^ Digestive power of tBo Bccre- 
tiou — Action of chlorofona, ethor, and bfdrocjBaio dcid — 1'ho 
iimnaer in wbich insects ora niptnred — Use of tbo marginal 
spikes— Kinds of b>B(«(d captured — The transmisaion of the motor 
impulse Qud mechiiniam of tbo moTements — Ite-eiptmsion of the 

Tiiia pliant, commonly called Venus' fly-trap, from the 
rapidity and force of its movemeuts, is one of the most 
wouderfiil in tlie ivorlil/ It is a member of the 
small fiimily of tho Broseracea?, and is found only in 
the eastern part of North Carolina, growing in damp 
situations. The rwjta are small ; those of a mo- 
derately iiue plant which I examined consisted of two 
branches about 1 inch in length, springing from a 
bulbona enlargement. They probably servo, as in the 
case of Droscra, solely for the absorption of water; 
for a gardener, who has been very successful in the 
cultivation of this plant, grows it, like an epiphytic 
orchid, in well-drained damp moss without any soiLt 
The form of tlie bilobcd leaf, with its folinceous foot- 
stalk, is shown in tlie accompanying drawing (fig, 12). 

• Dr. Hooker, in his n.lrlrctw to tbc habits of tliis plant, thnt it 

tho Uriliah Angocialion at llctluet, would be siiperUuous on my pnrl 

1M74, hns piven mi full uii liiKlori- to rcpciit them, 
ml aisMinnt of Oio olw^rvatiojia f 'Oardenei'B Chroniole,' 187*, 

which havo Ijeon publiabod ou p. itii. 
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The two lobes stand at rather less than a riglit angle 
to eaoli other. Three minute pointed processes or 
filaments, placed triangularly, project from the upper 
surfaces of both ; hut I have seen two leaves with four 
filaments on each side, and another with only two. 
These filaments are remarkable from their extreme 
sensitiveness to a touch, as shown not by their own 
movement, but by that of the lobes. The margins of 
the leaf are prolonged into sharp rigid projections 
which I will call spikes, into each of which a bundle 




of spiral vessels enters. The spikes stand in such 
a position that, when the lubes close, they infer-lock 
like the t€eth of a rat-trap. The midrib of the 
leaf, on the lower side, is strongly developed and 
prominent. 

The upper surface of tho leaf is thickly covered, 
excepting towards the margins, with mimite glands ot 
a reddish or purplish colour, the rest of the leaf being 
green. There are no glands on the spikes, or on tho 
foliaceous footstalk. The glands arc formed of from 




288 DIONJiA MD8CIPULA, Chat. Xin. 

twenty to thirty polygonal cells, filled with purple 
fluid. Their upper surface is convex. They stand on 
very short pedicels, into which spiral Teasels do not 
enter, in which respect they differ from the tentacles of 
Urosera. They secrete, but only when excited by the 
absorption of certain matters ; and they have the power 
of absorption. Minute projections, formed of eight 
divergent arms of a reddish-brown or orange colour, 
and appearing under the microscope like elegant little 
flowers, are scattered in considerable numbers over the 
foot-stalk, the backs of the leaves, and the spikes, 
with a few on the upper surikco of the lobes. These 
octofid projections are no doubt homologous with the 
papillEG on the leaves of Drosera rolundifolia. There 
are also a few very minute, simple, pointed hairs, 
about -nr'-tn; ("0H8 mm.) of an inch in length on the 
backs of the leaves. 

The sensitive filaments are formed of several rows 
of elongated cells, filled with purplish fluid. They 
are a little above the iJij of an inch in length ; are 
thin and delicate, and taper to a i«>int. I examined the 
bases of several, making sections of them, but no trace 
of the entrance of any vessel could be seen. The apex 
is sometimes bifid or even trifid, owing to a slight 
separation between the terminal pointed eells. Towards 
the base there is constriction, formed of broader cells, 
beneath which there is an articulation, supported on 
an enlarged base, consisting of differently shaped poly- 
gonal cells. As the filaments project at right angles 
to the surface of the leaf, they would have been liable 
to be broken whenever the lobes closed together, had 
it not been for the articulation which allows them to 
bend flat down. 

These filaments, from their tips to their bases, are ex- 
quisitely sensitive to a momentary touch. It is scarcely 
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possible to touch them ever so lightly or quickly 
with any hard object without causing the lobes to 
close. A piece of very delicate human hair, 2^ inches 
in leiig;th, held dangling over a filament, and swayed 
to and fro so as to touch it, did not excite auy move- 
ment But when a rather thick cotton thread of the 
same length was similarly swayed, the lobes closed. 
Pinches of hno wheaten flour, dropped from a height, 
produced no efl'ect. The above-mentioned hair was 
then fixed into a handle, and cut off so that 1 inch 
projected; this length being sufficiently rigid to sup- 
port itself in a uoarly horizontal line. Tho extremity 
was then brought by a slow movement laterally into 
contact with the tip of a filament, and the leaf instantly 
closed. On another occasion two or three timehes of 
the same kind were necessary before any movement 
ensued. When we consider how flexible a fine hair 
is, we may form some idea how slight must be the 
touch given by the extremity of a piece, 1 inch in 
length, moved slowly. 

Although these filaments are so sensitive to a momen- 
tary and delicate touch, they are far less sensitive than 
the glands of Drosera to prolonged pressure. Several 
times I succeeded in placing on the tip of a filament, 
by tho aid of a needle moved with extreme slowness, 
bits of rather thick human hair, and these did nut 
excite movement, although they were more than ten 
times as long as those which caused the tentacles of 
Drosera to bend ; and although in this latter case they 
were largely supported by the dense secretion. On 
the other hand, the glands of Drosera may be struck 
with a needle or any hard object, once, twice, or even 
thrice, with considerable force, and no movement 
ensues. This singular difference in the nature of 
the Bensitiveness of the filaments of Dionwa and of 
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the glands of Brosera evidently stands in relation to 
the habits of the two plants. If a minute insect alights 
with its delicate feet on the glands of Drosera, it is 
caught by the viscid secretion, and the slight, though 
prolonged pressure, gives notice of the presence of 
prey, which is secured by the slow bending of the 
tentacles. On the other hand, the sensitive filaments 
of Dioniea are not viscid, and the capture of insects 
can bo assured only by their sensitiveness to a 
momentary touch, followed "by the rapid closure of 
the lobes. 

As just stated, the filaments are not glandular, and 
do not secrete. Nor have they the power of absorption, 
as may be inferred from drops of a solution of car- 
bonate of ammonia (one part to 1-16 of water), placed 
on two filaments, not producing any effect on the 
contents of their cells, nor causing the lobes to close. 
When, however, a small portion of a leaf with an 
attached filament was cut off and immersed in the same 
solution, the fluid within the basal cells became almost 
instantly aggregated into purplish or colourless, irre- 
gularly shaped masses of matter. The process of 
i^grogatiuu gradually travelled up the filaments from 
cell to cell to their extremities, that is in a reverse 
course to what occurs in the tentacles of Drosera when 
their glands have been excited. Several other fila- 
ments wore cut off close to their bases, and left for 1 hr. 
30 m. in a weaker solutitm of one part of the carbonate 
to 218 of water, and this caused aggregation in all 
the cells, commencing as before at the bases of the 
filaments. 

Long immersion of the filaments in distilled water 
likewise causes aggregatiim, 'Nor is it niro to find 
the contents of a few of the terminal cells in a 
spontaneously aggn-gatt-'d condition. The aggregated 
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masses undergo incessant slow changes of form, uniting 
and again separating ; and some of them apjMirently 
revolve round their own axes. A current of colourless 
granular protoplasm eould also be Been travelling 
round the walls of the cells. This current ceases to 
be visible as soon as the contents are well aggregated ; 
but it probably still continues, though no longer 
visible, owing to all the granules in the flowing layer 
having become united with tlie central masses. In all 
these respects the filaments of Dionayi behave exactly 
like the tentacles of Drosera. 

Notwithstanding this similarity there is one re- 
markable diflcrence. The tentacles of Drosera, after 
their glands hare been repeatedly touchcl, or a particle 
of any kind has been placed on them, become inflected 
and strongly aggregated. No such effect is pro- 
duced by touching the filaments of Dioniea ; I com- 
pared, after an hour or two, some which bad been 
touched and some which had not, and others after 
twenty-five hours, and there was no difference in the 
contents of the cells. The leaves were kept open all 
the time by clips ; so that the filaments were not 
pressed against the opposite lobe. 

Drops of water, or a thin broken stream, falling 
from a height on the filaments, did not cause the 
blades to close ; though these filaments we're afterwanls 
proved to be highly sensitive. Ko doubt, as in the 
ease of Drosera, the plant is iudiffurent to the heaviest 
shower of rain. Drops of a solution of a half an ounce 
of sugar to a- fluid ounce of water were repeatedly 
allowed to fall from a heiglit on the filaments, but 
produced no efi'ect, unless they adhered to them. 
Again, I blew many times through a fine pointed 
tube with my utmost force against the filaments 
without any effect ; such blowing being received 
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with as much iudiffereuce as no dotibt is a heavy galo 
of wind. We thus see that the st^nsitivcneas of the 
filaments ia of a apeeialiacd nature, being related to a 
momentary touch rather than to prolonged pressure; 
and the touch must not be from fluids, such as air or 
water, but from some solid object. 

Although drops of water and of a moderately stronj^ 
solution of sugar, falling on tbe filaments, does not 
excite tLem, yet the immersion of a leaf in pure water 
sometimes caused the lubes to close. One leaf was left 
immersed for 1 hr. 10 m,, and three other leaves for 
some minutes, in water at temperatures varying be- 
tween 09° and 65° (lO" to 1S''3 Cent.) without any 
effect. One, however, of these four leaves, on being 
gently withdrawn from the water, closed rathor 
quickly. The three other leaves were proved to be in 
good condition, as they closed when their filaments 
Here touched. Nevertheless two fresh leaves on being 
dipped into water at 75" and 62J° (23"-8 and 16°-!) 
Cent.) instantly closed. These were then placed with 
their footstalks in water, and after 23 hrs. partially 
re-expanded ; on touching their filaments one of 
them dosed. This latter leaf after an a^lditional 
24 hrs. again ro-expanded, and now, on the filaments 
of both leaves being touched, both closed. We thus 
see that a stort immersion in water does not at all 
injure the leaves, but sometimes excites the lobes 
to close. The movement in the above cases was 
evidently not caused by the temperature of the water. 
It has been Bht}wn that long immerBfon causes the 
purple fluid within the cells of the seusitive filaments 
to become aggregated ; and the tentacles of Drosera 
are acted on in the same manner by long immersion, 
often being somewhat inflected. In both cases the 
result is probably due to a slight degree of exosmose. 
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I 'am confirmed in this belief by the effects of 
immersing a leaf of Dionsca in a moderately strong 
solution of sugar ; the leaf having been previously left 
for 1 hr. 10 m. in water without any effect ; for now the 
lobes closed rather quickly, the tips of the marginal 
spikes crossing in 2 m. 30 s., and tho leaf being com- 
pletely shut in 3 m. Three leaves were then immersed 
in a solution of half an ounce of sugar to a fluid 
ounce of water, and all three leaves closed quickly. 
As I was doubtful whether this was due to tho cells ou 
the upper surface of the lobes, or to the sensitive iila- 
meuts, being acted on by exosmose, one leaf was first 
tried by pouring a little of the same solution in the 
furrow between the lobes over the midrib, which ia tho 
chief seat of movement. It was left there for some time, 
but no movement ensued. The whole upper surface of 
leaf was then painted (escept close round the bases "of 
the sensitive filaments, which I could nut do without 
risk of touching them) with the same solution, but 
uo effect was produced. So that the cells on tho upper 
surface are not thus affected. But wheu, after many 
trials, I succeeded in getting a drop of the solution to 
cling to one of the filaments, the leaf quickly closed. 
Hence we may, I think, conclude that the solution 
causes fluid to pass out of the delicate cells of the 
filaments by exosmose ; and that this sets up some 
molecular change in their contents, analogous to that 
which must be produced by a touch. 

The immersion of leaves in a solution of sugar 
affects them for a much longer time than does an 
immersion in water, or a touch ou the filaments ; for in 
these latter cases the lobes begin to re-expaud in less 
than a day. On the other hand, of tho three leaves 
which were immersed for a short time in the solution, 
and were then washed by means of a syringe inserted 
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between the lobes, one re-expanded after two Jays ; 
a. second after seven days ; and the third after nine 
daya. The leaf which closed, owing to a drop of the 
solution having adhered to one of the filaments, 
opened after two days. 

I was surprised to find on two occasions that the 
heat from the raya of the siin, concentrated by a lens 
on the bases of several filaments, so that they were 
scorched and discoloured, did not cause any move- 
ment ; though the leaves were active, as they closed, 
though rather slowly, when a filament on the opposite 
side was touched. On a third trial, a fresh leaf closed 
after a time, though very slowly ; the rate not being 
increased by one of the filaments, which had not been 
injured, being touched. After a day these three leaves 
opened, and were fairly sensitive when the uninjured 
filftraenfa were touched. The sudden immersion of a 
leaf into boiling water does not cause it to close. 
Judging horn the analogy of Drosera, the heat in 
these several cases was too gre^t and too suddenly 
applied. The surface of the blade is very slightly 
sensitive ; it may he freely and roughly handled, with- 
out any movement being caused. . A leaf was scratched 
rather hard with a needle, but did not close ; but when 
the triangular space between the three filaments on 
another leaf was similarly scratched, the lobes closed. 
They always closed when the blade or midrib was 
deeply pricked or cut. Inorganic bodies, even of large 
size, such as bits of stone, glass, &c. — ot organic bodies 
not containing soluble nitrogenous matter, such as bits 
of wood, cork, moss, — or bodies containing soluble 
nitrogenooa matter, if perfectly dry, such as bits of 
meat, albumen, gelatine, &c., may bo long left (and 
many were tried) on the lobes, and no movement is 
excited. The result , however, is widely different, as we 
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shall presently see, if mtrt^nous organic bodies nhich 
. are at all dump, are left on the lobes ; for these then 
close by a slow and gntdoal movement, verj- different 
from that caosed by toaching one of the sensitive fila- 
ments. The footstalk ia not in the least sensitive ; 
a pin may be driven through it, or it may be cut off, 
' and no movement follows. 

The upper surface of the lobes, as already stated, 
16 thickly covered with small purplish, almost sessile 
glands. These have the power both of secretion 
and absorption; bat unlike those of Drosera, tlicy 
do not secrete until excited by the absorption of 
nitrogenoos matter. No other excitement, as far as I 
have seen, produces this effect. Objects, such as bits 
of wood, cork, -moss, paper, stone, or glass, may be left 
for a length of time on the surface of a leaf, and it 
remains quite dry. Nor does it make any difference if 
the lobes close over such objects. For instance, some 
little balls of blotting paper were placed on a leaf, 
and a filament was touched ; and when after 24 hrs. 
the lobes began to rc-opca, the balls were removed by 
the aid of thin pincers, and were found perfectly dry. 
On the other hand, if a bit of damp meat or a crushed 
fly is placed on the surface of an expanded leaf, the 
glands after a time secrete freely. In one such case 
there was a little_ secretion directly beneath tho meat 
in 4 hrs.; and after an additional 3 hrs. there was a 
considerable quantity both under and close round it. 
In another case, after 3 hrs. 40 m,, the hit of meat ims 
quite wet. But none of the glands secreted, except- 
ing those which actually touched tho meat or tho 
secretion containing dissolved animal matter. 

If, however, the lobes are made to close over a bit of 
meat or an insect, the result is different, for the glands 
over tho whole surface of the leaf now secrete copiously. 
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A& in tliis case the glands on both sides are pressed 
against the meat or insect, the secretion from the first . 
is twice as great as when a bit of meat is hiid on the 
Biirfaee of one lobe ; and as the two lobes come into 
almost close contact, the secretion, containing dis- 
sulved animal matter, spreads by capillary attraction, 
causing fresh glands on both sides to begin secreting 
in a continually widening circle. The secretion is 
almost colourless, slightly mucilaginous, and, judging 
by the manner in which it coloured litmus paper, 
more strongly acid than that of Drosera. It is bo 
copious that on one occasion, when a leaf was cut 
open, on which a small cube of albumen hod been 
placed 45 brs. before, drops rolled off the leaf. On 
another ot^casion, in which a leaf with an enclosed bit; 
of roast meat spontaneously opened after eight days, 
there was so much secretion in the furrow over ^o 
midrib that it trickled down. A large crushed fly 
(Tipulii) was placed on a leaf from which a email 
portifin at the biise of one lobe had previously been 
cut away, so that an opening was left ; and through 
this, the secretion continued to run down the footstalk 
during nine days, — that is, for as long a time as it was 
observed. By forcing up one of the lobes, I was able 
to see some distance between them, and all the glands 
within sight were secreting freely. 

We have seen that inorganic and non-nitrogenous 
objects placed on the leaves do not exeite any move- 
ment ; but nitrogenous bodies, if in the least degree 
damp, cause after several hours the lobes to close 
slowly. Thus bits of quite dry meat and gelatine were 
pliiced at opposite ends of the same leaf, and in the 
course of '2-i hrs. excited neither secretion nor move- 
nient. Thvy were then dipped in water, their sur- 
faces dried on blotting paper, and replaced on the same 
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leaf, the plant being now covered with a bell-glass. 
After 24 hrs, the damp meat had excited Bunie at-id 
secretion, and the lobes at this end of the leaf were 
almost shut. At the other end, where the damp gela- 
tine la,j, the leaf was still qiiito open, nor had any 
secretion been excited ; so that, as with Drosera, gela- 
tine is not nearly so exciting a substance as meat. 
The secretion beneath the meat was tested by push- 
ing a strip of litmas paper under it (the filaiueiits not 
being touched), and this slight stimulus caused the 
leaf to shut. On the eleventh day it reopened i but 
the end where the gelatine lay, ex(»anded several hours 
before the opposite end with the meat. 

A second bit of roaat meat, which appeared dry, 
though it had not been purposely dried, was left for 
24 hrs. on a leaf, caused neither movement nor secre- 
tion. The plant in its pot was now covered with a 
bell-glass, and the meat absorbed some moisture from 
the air ; this sufBced to excite acid accretion, and by 
the next morning the leaf was tdosely shut. A third 
bit of meat, dried so as to be quite brittle, was placed 
on a leaf under a bell-glass, and this also became in 
24 hrs. slightly damp, and excited some acid secretion, 
but no movement. 

A rather large piece of perfectly dry albumen was 
left at one end of a leaf for 24 hrs. without any 
effect. It was tlien soaked for a few minutes in 
water, rolled about on blotting paper, and replaced 
on the leaf; in 9 hrs. some slightly acid secretion 
was excited, and in 24 hrs. this end of the leaf was 
partially closed. The bit of albumen, which was now 
surrounded by much secretion, waa gently removed, 
and although no filament was touchetl, the lobes 
closed. In this and the previous case, it appears that 
the absorption of animal matter by the glands renders 
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the surface of the leaf much more sensitive to a touch 
than it is in its ordinary state ; and thia is a curious 
tact. Two days afterwards the end of the leaf where 
nothing had been placed began to open, and on the 
third day was much more open than the opposite end 
where the albumen bad lain. 

Lastly, large drops of a solution of one part of car- 
bonate of ammonia to 146 of water were placed on 
some leaves, but no immediate movement ensued. I 
did nflt then know of the slow movement caused by 
animal matter, otherwise I should have observed the 
leaves for a longer time, and th'ey would probably 
have been found closed, though the solution (judging 
from Drosera) was, perhaps, too strong. 

From the foregoing cases it is certain that bita of 
meat and albumen, if at all damp, eseite not only the 
glands to secrete, but the lobes to close. This move- 
ment is widely different from the rapid closure caused 
by one of the filaments being touched. We shall see 
its importance when we treat of the manner in which 
insects are captured. There is a great contrast be- 
tween Droaera and Dionrea in the effects produced by 
mechanical irritation on the one hand, and the absorp- 
tion of animal matter on the other. Particles of glass 
placed on the glands of the exterior tentacles of Dro- 
sera excite movement within nearly the same time, 
as do particles of meat, the latter being rather the 
most efficient ; but when the glands of the disc have 
bita of meat given them, they transmit a motor impulse 
to the exterior tentacles much more quickly than do 
these glands when bearing inorganic particles, or 
when irritated by repeated touches. On the other 
haul], with Dionica, touching the filaments excites 
incomparably quicker movement than tho obsorptiou 
of animal matter by the glands. Nevertheless, in 
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certain cases, this latter stimuluB is the more powerful 
of the two. On three occiiaiona leaves were found 
wliich from some cause were torpid, so tlmt their lobes 
closed only slightly, however mucli their filaments 
were irritated ; but on inserting crushed inaecta 
between the lubes, they became in a day closely ahui. 
The facts just given plainly show that the glands 
h(ive the power of absorption, for otherwise it is im- 
possible that the leaves should be so diflereiitly af- 
fected by non-nitrogenous aud nitrogenous bodies, aud 
between these latter in a dry and damp condition. It 
is surprising how sliglitly damp a bit of meat or albu- 
men need be in order to excite secretion and afterwards 
slow movement, and equally surprising bow minute a 
quantity of auimal matter, when absorbed, suffices to 
produce these two effects. It seems hardly credible, 
and yet it is certainly a fact, that a bit of hard-boiled 
white of egg, first thoroughly dried, then soaked 
for some minutes in water and rolled on blotting 
paper, should yield in a few hours enough animal 
matter to the glands to cause them to secrete, and 
afterwards the lobes to close. That the glands have 
the power of absorption ia likewise shown by the very 
different lengths of time (as wo shall presently see) 
during which the lobes remain closed over insects and 
other bodies yielding soluble uitropenoua matter, and 
over such as do not yield any. But there ia direct 
evidence of absorption in the condition of the glanda 
which have remained for some time in contact with 
animal matter. Thus bits of meat aud crushed insects 
were several times placed on glands, and these were 
compared after some hours with other glands from 
distant parts of the same leaf. The latter showed 
not a trace of aggregation, whereas those which 
had been in rontuct with the animal matter were 
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well aggregated. Aggregation may be seen to occni 
very quickly if a piece of a leaf is immersed in 
a weak solution of carbonate of ammonia. Again, 
amall cubes of albumen and gelatine were left for 
eight days on a leaf, which was then cut open. The 
whule surface was bathed with acid secretion, and 
every cell in the many glands which were examined 
had its contents aggregated in a beautiful manner 
into dark or pale purple, or colourless globular 
mosses of protoplasm. These underwent incessant 
slow changes of forms ; sometimes separating from 
one another and then reuniting, exactly as in the 
cells of DroseriL Eoiling water makes the contents 
of the gland-cells white and opaque, but not so 
purely white and porcelain-like as in the case of 
Drosera. How living inseeta, when naturally caught, 
excite the glands to seerete so quickly as they do, I 
know not; but I suppose that the great pressure to 
which they arc subjected forces a little excretion 
from either extremity of their bodies, and we have 
seen that an extremely small amount of nitrogenous 
matter is sufficient to excite the glands. 

Before passing on to the subject of digestion, I (hay 
state that I endeavoured to discover, with no success, 
the functions of the minute octofid processes with 
which the leaves are studded. From facts hereafter to 
be given in the chapters on Aldrovanda and Utrico- 
laria, it seemed probable that they served to absorb 
decayed matter left by the captured insects; but 
their position on the backs of the leaves and on the 
footstalks rendered this almost impossible. Never- 
theless, leaves were immersed in a solution of one part 
of urea to 437 of water, and after 24 hrs. the orange 
layer of prot<3plasm within the anus of these processes 
did not apjiear more aggregated than in other speci- 
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mena kept in water. I then tried suspending a leaf 
in a bottle over an excessively putrid infusion of 
raw meat, to see whether they absorbed the vapour, 
but their contents were not afl'ected. 

Digestive Power of the Seprefion.*— When a leaf closes 
over any object, it may be said to form itself into a 
temporary stomach ; and if the objfft yields ever so 
little animal matter, this serves, to use SchiiTa expres- 
Bion, aa a peptogene, and the glands on the surface 
pour forth their acid secretion, which acta like the 
gastric juice of animals. As so many experiments 
were tried on the digestive power of Drosem, only a 
few were made with Dionfea, but they were amply 
BuflBcient to prove that it digests. This plant, more- 
over, 18 not BO well fittefi as Drosera for obser\'ation, 
as the process goes on within the closed lobes. Insects, 
even beetles, after being subjected to the secretion for 
several days, are surprisingly softened, though their 
chitinous coats are not corroded. 



Experinvmt 1.— A cube of albnmen of -^ of an inrh (2'.540 
mm.) was plnced at one end of a li»f, and at the other unil 
u obioDg piece of gelalino, \ of an inch (5'0)j mm.) Iod^, and 
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^ broad; the leaf was then made to close. It was cnt open 
after 45 bra. Tho alhninen was hard and compressed, with 
its angles only a little rounded ; the gelatine was corrodaJ into 
au oval form ; and both were Iwthcd in eo much acid secretion 
that it dropped off the leaf. The digestive process apparent!; 
is rather Blower than in Drosera, and this agrees with tho length 
of time during which tho leaves remain closed over digestible 

Exjierimfnl 2. — A bit of albumen ^ of an inch eqnare, bnt 
odI; -^ in thickness, and a piece of gelatine of the same azc as 
tiefore, wero placed on a leaf, which eight days afterwordB was 
cut open. The surface was bathed with slightly adhesive, very , 
acid secretion, and the glands were all in au aggregated condi- 
tion. Not a vestige of the albumen or gelatine was left. 'Simi- 
larly sized pieces were placed at the same time on wet moss on 
the same pot, so that they were subjected to nearly similar oun- 
ditions ; after eight days these were brown, decayed, and matted 
with fibres of mould, but had not disappeared. 

Axpeeimeiit 3. — A piece of albumen ^g of an inch (3'81 mrn.) 

long, and ^ broad and thick, and a piece of gelatine of tho 

- G;inie size as before, were ])laecd on another leaf, wliich was cut 

oymn after seven days ; not a vestige of either euljstanco was 

left, and only a moderate amonnt of secretion on tlie surface. 

Experiment 4. — I'lecefi of albumen and gelatine, of the HUne 
size as in the last exporimcnt, were placed on a leaf, which 
spontaneously opened after twelve days, and hero again not a 
vestige of either was left, and only a little secretion at one end 
of the midrib. 

E-cprriiiient 5. — Pieces of albumen and gelatine of the same 
size were placed on another leaf, which after twelve days was 
still firmly closed, but had begun to wither ; it was cut open, 
and contained nothing except a vestige of brown matter where 
tile albumen had l&iu. 

Experimeiil 6. — A cube, of albumen of ^ of an inch and a 
piece of gelatine of tho same size as before were placed on a 
leaf, which opened spontaneously after thirteen days. Tho 
albumen, which was twice an tliick as in the latter eiporiiiieRtR, 
was too large ; for tho glatidn in eoutact with it were iitjurod 
and were dropping off; a film also of albumen of a brown 
colour, matted with mould, was left. All the gelatine was 
al)sorl)ed, and there was only a little acid secretion left on 
the midrib. 

Jixprrlm'fil 7.— A bit of h.ilf roasted meat (not measured) and 
a bit of gclatiho wtro [ilaced on tlio two ends of a leaf, wliich 
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opened epontaneonal; after eleven dnjs ; a vestige of the meat 
vas left, and tlio Rurfoco of t]iu leaf ivas hero bliK^kcned ; the 
gelatine had all disappeared. 

Expfrimtut 8,— A bit of Lalf roasted meat (not meoBnred) 
was placed on a leaf wliich naa furcibl; kept open b; a clip, so 
that it was moiatencd with the Bocrotion (very acid) onlj on ita 
lower Borfaco. NovcrthelesH, after only 221 hra. it was giit- 
prisingly softened, when compared with another bit of the 
Eune meat which had been kept damp. 

Erperimenl 9. — A cnbe of -^ of an inch of very compact 
rooetod beef was placed on a leaf, which opened epontaDcously 
after twelve days ; so much feebly acid secretion was left on the 
leaf that it trickled off. The meat was completely disintegrated, 
bat not all dissolTcd; there was no mould. The little mass waa 
placed under the microacopo ; some of the fibrillie in the middle 
atill eihibittJ tranavcrso stria) ; others Bhowctl not a veBtigo 
of Btrioe; and every gradation could bo traced between these 
two states. Globules, apparently of fat, and some undigested 
fibro-elastio tissue remained. The mi^t was thus in the 
same state as that formerly described, which was half di- 
gested by Drosera. Here, again, as in the cose of albumen, 
the digestive process seems slower tlian in Drosera. At the 
oppodta end of the same leaf, a firmly compressed pellet of 
Iffead had been placed; this waa completely dLsinlegratcd, I 
Bappo&e, owing to the digestion of the gluten, but soemcd very 
little redoccd in bullc. 

Experiment 10. — A cubo of -^ of an inch of cheese and 
another of albumen were placed ut opposite ends of the same 
leaf. After nine days the loties opened spontaneously a littlo 
■t the end enclosing the cheese, but hardly any or none was 
dissolved, though it was softened and surrounded by secre- 
tion. Two days snbscquontly the end with the albumen also 
opened spontaneously (i.e. eleven days after it was put on), a 
mere trace in a blackened and dry condition being left. 

Exprrimeni 11. — Tlie same esporimcnt with cheese and albu- 
men repeated on another and rather torpid leaf. The lobes at the 
end with the cheese, after an interval of six days, opened spon- 
taneously a little; the cube of cheese was much softened, Imt 
not disisolved, and but little, if at all, reduced in size. Twelve 
hours afterwards tho end with the alt)umcu opened, which 
now contested of a largo drop of transparent, not acid, viscid 
fluid. 

Experiment 12. — Same eiperiincnt as tho two lost, and hero 
again tho leaf at the end onclosijiy the clujcsc oi^uncd before tho 
14 
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opposite end with the olbamen ; but no further obeerrationa 

f.'rjtertmnii 13.— A globnie of chemically prepared cawin, 
about -^ of an inch in diameter, viaa placed on a leaf, which 
eponlancously opened after eight days. The casein now con- 
sisted of a Rift Rticky mass, very little, if at all, reduced in mze, 
but bathed in add Eecretion. 

These exporimenta are sufficient to show that tho 
secretion from tho glands of Dionsca dissolves alba- 
meOj gelatine, and meat, if too largo pieces are 
not given. Globules of fat and fibro-elaatic tissno 
ore not digested. The secretion, with its dissolved 
matter, if not in excess, is subsequently absorbed. On 
the other hand, although chemically prepared casein 
and cheese (as in the ease of Drosera) excite much 
acid secretion, owing, I presume, to tho absorption of 
somo included albuminous matter, these substances 
are not digested, and are not appreciably, if at all, 
reduced in bulk, 

EffedBoftU Vapouri •>/ Cldoro/orm, Sulphuric Ether, and Tlydro- 
eyaaic Acid. — A plant bearing one leaf was introduced into a 
large bottle with a draclun (3543 ml.) of chloroform, the mouth 
being imperfectly closed with cotton-wool. The vapour canscii 
in 1 m. tlie lotiea to bcf^ moving at an imperceptibly alow mte ; 
but in 3 m- the spikes crossed, and the leaf was soon com- 
pletely shut. The dose, however, was much too large, for in 
between 2 and 3 bra. the leaf appeared as if burnt, and soon 

Two leaves were oiposod for 30 m. in a 2-oz. vossel to tho 
TBpour of 30 minitng (1'774 ml) of Bulphuric ether. One leaf 
cloBod after a time, as did the other whilst being reraovod from 
the vessel without beiiig touched. Both leaves were greatly 
ii^ured. Another leaf, exposed for 20 m. to 15 minimB of ether, 
closed its lobes to a certain extent, and tho sonsitiTe filaments 
were now quite insensible. After 24 hrs. this leaf recovered 
its scnsibililj, but was still rather torpid. A leaf ciposod 
in a large bottle for only 3 m, te fen drops was rendered 
insenHil)Ie. After 52 m. it recovered its Bensibility, and when 
ono of tho filaments was touched, the lobes closed. It b^an 
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to reopen sftor 20 hrs. Lwttl j another Icnf was ezpoeod fciT 4 m. 
to only four drojifi of the ether; it was rendered insensible, and 
did not close wbcn itn filaracuie vcro repeatedly tonelieil, hut 
closed nben tiie end of the open leaf woa cut off. This Hhows 
either that the internal parts had not heen rendered insensible, 
or that an incision is a more powerful stiniQlns than repeated 
louche* on the filaments. Whether the larger doses of chloro- 
form and other, which caUBCd the leaves to eloso slowly, 
acted on the sensitive filaments or on the leaf itself, I do not 

Cyanide of potaKsium, when led in a bottle, Eenerates pmssic 
or hydrocyanic acid. A leaf was exposed for 1 hr. 35 m. to the 
rapoor tbos formed; and the glands became within this time 
so colourless and shrunken as to be scarcely visible, and 1 at 
first thought that they had all dropped olT. The leaf wn.s not 
rendered insenxible; for as Mon as one of the filaments was 
touched it closed. It had, however, Buffered, for it did not 
reopen until nearly two days bad passed, and wna not even 
then in the least sensntive. After an additional day it rocoven^d 
its powers, and cloeed on being touched and su^qucntly re- 
opened. Another leaf behaved ia nearly the same manner after 
a shorter cipasoro to this vajKrar, 



On the Manner in u-hich Insects are cauglU. — We will 
now consider the action of the leaves when insects 
happen to touch one of the sensitive fllnmenta. This 
often occurred in my greenhouse, but I do not know 
whether insects are attracted in any speciivl wny by 
the leaves. They are caught in largo numbers by the 
plant in its native country. As soon as a Jilamcut is 
touched, both lobes close with astonishing quickness ; 
and as they stand at leas than a right angle to cacli 
other, they have a good chance of catching any in- 
truder. The angle between the blade and footstalk 
does not change when the lubes close. The chief seat 
of movement is near the midrib, but is not confined 
to this part; for, as tho lobes como together, each 
cnrvea inwards across its whole breadth ; the marginal 
spikes bowerer, not becoming cuired. This move- 
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ment of the whole lobe was well seen in a loaf to 
which a largo fly had been given, and from which 
a large portion Lad been cut ofl' the end of one lobe ; 
BO that tho opposite lobe, meeting with no re- 
sistance in this part, went on curving inwards much 
beyond the medial line. The whole of the lobe, from 
which a portion had been cut, was afterwards removed, 
and the opposite lobe now curled completely over, 
passing through an angle of from 120'' to 130", so 
as to occupy a position almost at right angles to 
that which it would have held had the opposite lobe 
been present. 

From tho curving inwards of the two lobes, as they 
move towards each other, the straight marginal spikes 
intercross by their tips at first, and ultimately by their 
bases. The leaf is tlien completely shut and encloses 
a shallow cavity. If it has been made to shut merely 
by one of the sensitive filaments having been touched, 
or if it includes an object not yielding soluble nitro- 
genous matter, tho two lobes retain their inwardly 
concave form until they re-expand. Tho re-expansion 
under these circumstances — that is when no organic 
matter is enclosed — was observed in ten cases. In all 
of these, the leaves rc-expanded to about two-thirds of 
the full extent in 2'): hrs. from tho time of closure. 
Even the leaf from which a portion of one lobo had 
been cut oil' opened to a slight degree within this same 
time. In one ease a leaf re-expandcd to about two- 
thirds of the full extent in 7 hrs., and completely in 
32 hrs.; but one of its filaments had been touched 
merely with a haii just enough to cause the leaf to 
close. Of those ten leaves only a few rc-oxpanded 
completely in less than two days, and two or three 
required even a little longer time. Before, how- 
ever, they fully ro-expaud, they are ready to close 
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instantly if their sensitive filaments arc touched. 
How many times a leaf is eajiablo of ehutting and 
opening if no animal matter is left enclosed, I do 
not know ; but one leaf was made to close four times, 
reopening afterwards, within six days. On the last 
occaaioQ it caught a fly, and then remained closed for 
many days. 

This power of reopening quickly after the filaments 
Lave been accidentally touched by blades of grass, 
or by objects blown on the leaf by the wind, as 
occasiomUly happens in its native place,* must be of 
some importance to the plant ; for as long as a 
leaf remains closed, it cannot of course capture an 
insect. 

WTien the filaments are irritated and a leaf is mndo 
to shut over an insect, a bit of meat, albumen, gela- 
tine, casein, and, no doubt, any other substance con- 
taining soluble nitrogenous matter, the lobes, instead 
of remaining concave, thus including a concavity, 
slowly press closely together throughout their whole 
breadth. As this takes place, tho margins gradually 
become a little everted, so that the sjiikes, which at first 
intercrossed, at last project in two parallel rows. Tho 
lobes press against each other with such force that I 
have seen a cube of albumen much flattened, with 
distinct impressions of the little prominent glands; but 
this latter circumstance may have been portly caused 
by the corroding action of tho secretion. So firmly do 
they become pressed together that, if any largo insect 
or other object has been caught, a corresponding pro- 
jection on the outside of tho leaf is distinctly visible. 
^Vben the two lobes are thus completely shut, they 




resist being opened, as by a tliin wedge driven 
between them, with astonishing force, and are gene- 
rally ruptured rather than yield. If not ruptured, 
they close again, aa Dr. Canby informs me in a letter, 
" with quite a loud flap," But if the end of a leaf 
is held firmly between the thumb and linger, or by a 
clip, 80 that the lobes cannot begin to close, they 
exert, whilst in this position, very little force. 

I thought at first that the gradual pressing together 
of the lobes was caused exclusively by captured 
insects crawling over and repeatedly irritating the 
sensitive filaments ; and this view seemed the more 
probable when I learnt from Dr. Burdon Sanderson 
that whenever the filaments of a closeil leaf are irri- 
tated, the normal electric current is disturbed. Never- 
theless, such irritation is by no means necessary, for a 
dead insect, or a bit of meat, or of albumen, all act 
equally well ; proving that in these casc^ it is the 
absorption of animal matter which excites the lubes 
slowly to press close together. We have seen that the 
absorption of an extremely small quantity of such 
matter also causes a fully expanded leaf to close 
slowly; and this movemeut is clearly analogous to 
the slow pressing together of the concave lobes. This 
latter action is of high functional importance to tho 
plant, for the glands on both sides are thus brought 
into contact with a captured insect, and consequently 
secrete. The secretion with animal matter in solution 
is then drawn by capillary attraction over the whole 
surface of the leaf, causing all the glands to secrete 
and allowing them to absorb the diffused animal matter. 
The movement, excited by the absorption of such 
matter, though slow, suffices for its final purpose, 
wliilst the movement excited by one of the sensitive 
filaments being touched is rapid, and this is indis- 
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menta, excited hf tso aaefc '^'^^ A&anc aaHi^ 
axe thna bo«k wO iliftit Efcc afl Ae aAer 
functions of Oe ^ii^ &r A* |1jmij vAk^ Aef 

sabserre. 

There is noOer mds JMffwee m tfe aetan «f 
leaves which eatiam akJBcm, mmA m kim af ^mi, 
cork, balls of f^ftx, cr «Uck kare had rt>rr fibacal* 
tnerelj touched, and Aam whid f e b ae' •'^■■c 
bodies yielding aoUile BiUu^cBuaa BaOtee. la tke 
foim^ case the leava^ m we Wre aees, opa ia ^ader 
24 his. and aze tfaes leadj, er^ hefors b^ja^ imDj 
expanded, to Aat again. Bat if they h^re doMed 
orer nitrogen-yielding bodies, they lemaia eloady 
ehat for many days; and after r^r-expandinv ate 
torpid, and nerer act again, or only after a consader- 
able interval of time. In fc«r instances, kares after 
catching insects never i»>pen£d, hm began to wither, 
remaining cloeed — in oae case tf>t fifteen days over 
a fly ; in a second, for twentv-fboF days, tfaottsh 
the Sy was small ; in a third for twenty '£>ar days over 
a woodlonse ; and in a fonrtfa, for thirty-five davs over 
a large Tipola. In two other cases leaves remained 
closed for at least nine daj*8 over flies, and for how 
many more I do not know. It should, however, be 
added that in two iostaDces ia which very small 
insects had been naturally caught iLe leaf opened 
as qoickly as if nothing had been canght ; and I 
suppose that this was due to such small insects not 
having been crashed or not having excreted any 
animal matter, so that the glands ntre not excited. 
Small angular bits of albumen and gelatine were 
placed at both ends of three leaves, two of which 
remaJneil closed for thirteen and the other for twelve 
days. Two other leaves remained closed over bits of 
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meat for eleven days, a tliiid leaf for eight days, and 
a fourth (but this had been cracked and injured) for 
only sis days. Bits of cheese, or casein, were placed 
at one end and albumen at tho other end of three 
leaves ; and the ends with the former opened after 
sis, eight, and nine days, whilst tho opposite enda 
openetl a little later. None of the above bits of meat, 
albumen, itc, exceeded a cubo of -^ of an inch 
(2-5i mm.) in size, and were sometimes smaller ; yet 
thesa small portions sufRced to keep the leaves closed 
for many days. Dr. Citnby informs me that leaves 
remain shut for a longer time over insects than over 
meat ; and from what I havo seen, I can well believe 
that this is the case, especially if the insects are 
large. 

In all the above cases, and in many others in which 
leaves remained closed for a long but unknown 
period over insects naturally caught, they were more 
or less torpid when they reopened. Generally they 
were so torpid during many succeeding days that no 
excitement of the filaments caused the least move- 
ment. In one instance, however, on the day after a 
leaf opened which bud clasped a fly, it closed with ex- 
treme slD4vuess when one of its filaments was touched ; 
and although no object was loft enclosed, it was so 
torpid that it did not rc-open for tho second timo 
until 44 hrs. had elapsed. In a second ease, a leaf 
which had expanded after remaining closed for at 
least nine days over a fly, when greatly irritated, 
moved ono alone of its two lobes, and retained this 
unusual position for the next two days. A third case 
offers the strongest exception which I have observed ; 
a leaf, after remaining clasped for an unknown time 
over a fly, opened, and when one of its filaments was 
touched, closed, though rather slowly. Dr. Canby, 



Oma, Ttni HANSEtt OF CAPTURING INSEaTS. 311 

who observed in the United States a large number of 
pl&nts which, although not in their native aite, were 
probably more vigoroua than my plants, informs 
me that ho has " several times knoivn vigorous leaves 
to devour their prey several times ^ but ordinarily 
twice, or, quite often, onco was enough to render them 
unserviceable." Mrs. Treat, who cultivated many 
plants in New Jersey, also informs mo that " several 
leaves caught successively three insects each, but most 
of them were not ablo to digest the third fly, hut dii:d 
in the attempt. Five "leaves, however, digested each 
three flies, and closed over the fourth, but died soon 
after the fourth capture. Many leaves did not digest 
even one largo insect." it thus appears that tha 
power of digestion is somewhat limited, and it is 
certain that leaves always remain clasped lor many 
days over an insect, and do not recover their power of 
closing again for many subsequent days. In this 
respect Diona^a difl'ers from Droscra, which catches 
and digests many iiisects after shorter intervals of 
time. 

We are now prepared to understand the use of the 
marginal spikes, which form so conspicuous a feature 
in the appearance of the plant (fig. 12, p. 287), and 
which at first seemed to nie in my ignorance useless 
appemlages. From the inward curvature of the lobes 
aa they approach each other, the tips of the marginal 
spikes first intercross, and ultimately their bases. 
Until the edges of the lohes come into contact, elon- 
gated spaces between the spikes, varying from the -^ 
to the -jV of an inch (l-(i9y to 2'54 mm.) in breadth, 
according to the size of the leaf, are left ojren. Thus 
an insect, if its body is not thicker than these moa- 
Burements, can easily escape between the crossed 
Sfikee, when disturbed by the closing lobea and in 
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creasing darkness ; and ouo of my sons actually saw a 
small insect tlius escaping. A moderately large in- 
Bect, on the other band, if it tries to escape between 
the bars will surely bo pushed back again into its 
horrid prison mth closing walls, for the spikes con- 
tinue to cross more and more until tho edges of the 
lobes como into contact. A very strong insect, how- 
ever, would be able to free itself, and Mrs. Treat saw 
this effected by a rose-chafer {MacTodacltjlus euhgpi- 
nosm) in the United States. Now it would manifestly 
be a great disadvantage to the plant to waste many 
days in remaining clasped over a minute insect, and 
several additional days or weeks in afterwards re- 
covering its sensibility; inasmuch as a minute insect 
would afford but little nutriment. It would be 
far better for tho plant to wait for a time nntil a 
moderately large insect was captured, and to allow all 
the little ones to escape ; and this advantage is 
secured by the slowly intercrosaing marginal spikes, 
which act like tho large mesboa of a fishing-net, 
allowing the small and useless fry to escape. 

As I was anxious to know whether this view was 
correct — and as it seems a good illustration of how 
cautious we ought to be in assuming, as I had done 
witii respect to the marginal spikes, that any fully 
developed structure is useless— I applied to Dr. Canby. 
He visited the native site of the plant, early in the 
season, before the leaves had grown to their fuU size, 
and sent mo fourteen leaves, containing naturally 
captureil insects. Four of these had caught rather 
small insects, viz. threo of them ants, and the fourth 
a rather email fly, but tho other ten had all caught 
large insects, namely, five elaters, two chrysomelas, 
a curculio, a thick and broad spider, and a bcoIo- 
pcndro. Out of these ten insects, no less than eight 
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were beetles,* and out of tho whole fourteen tliero 
was only one, viz. a dipterous iusect, which could 
readily take flight Drosera, on tho other h^ud, 
lirea chiefly on insects which are good flyers, especially 
Diptera, caught by tho aid of its viscid secretion. But 
what most concerns us is the size of the ten larger 
insects. Their average length I'rum head to tail was 
'256 of an iuch, the lobes of tho leaves being on an 
average '53 of an inch in lengtli, so that tho insects 
were very nearly half aa long as the leaves within 
which they were enclosed. Oidy a few of these leaves, 
tiierefore, hod wasted their powers by capturing suiull 
prey, though it is probable that many small insects 
had crawled over them and been caught, but bad 
then escaped through the bars. 

The Transmission of the Motor Impulse, ojid Means 
of Movement.— It is sufficient to touch any one of tho 
six filaments to cause both lobes to close, these becom- 
ing at the same time incurved throughout their whole 
breadth. The stimulus must therefore radiate in all 
directions from any one filament. It must also bo 
transmitted with much rapidity across tho leaf, for in 
all ordinary cases both li)be3 close Bimiiltaneously, 
as far as the eyo can judge. Moat physiologists be- 
lieve that in irritable plants the excitement is trans- 
mitted along, or in cloao conneetion with, tho fibre- 
vascular bundles. In IJionsa, tho course of these 
vessels (composed of spiral and ordinary vascular 



• Dr. Canliy ronmrkB (' Gur- 
denert Monthly," Auirnrt lBfi8), 
"u a general tiling Wtloa iinJ 
insects of tbut kind, ttinu^-h iil- 
nayit kilted, neetn to he t'>o liani- 
ahelled t» serve uit fiioil, iind aCWi 
■ aliort time are n-ji^Pliil." I aui 
■nrpnwil at tliu stati-'nient. at 
IsMt with roatioct to audi buL>tles 



oa clut<-r», file tlie five whidi I 
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cliiuiljr caught Diptent. 
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tissae) aeems at first sight to favour this belief; for 
they run tip the midrib in a great bnndle, sending 
off small bundles almost at right angles on each sid& 
These bifurcate occasionally as they extend towards 
the margin, and close to the margin small branches 
from adjoining vessels unite and enter the marginal 
spikes. At some of these points of union the vessels 
form curious loops, like thosQ described under Drosera. 
A continuous zigzag lino of vessels thus runs round 
the ttbolo circumference of the leaf, and in the midrib 
all the vessels are in close contact ; so that all parts of 
the leaf seem to bo brought into some degree of com- 
munication. Nevertheless, the presence of vessels ia 
not necessary for the transmission of the motor 
impulse, for it is transmitted from the tips of the 
sensitivo filaments (these being about the iV of an 
inch in length), into which no vessels enter ; and 
these could not have been overlooked, as I made thin 
vertical sections of the leaf at the bases of the fila- 
ments. 

On several occasions, slits about the -^ of an inch 
in length were made with a lancet, close to the bases 
of the filaments, paralkd to the midrib, and, there- 
fore, directly across the course of the vessels. These 
were made sometimes on the inner and sometimes 
on the outer sides of tho filaments; and after several 
days, when the leaves had reopened, these filaments 
were touched roughly (for they were always rendered 
in some degree torpid by the operation), and tho 
lobes then closed in tho ordinary manner, though 
slowly, and sometimes not until after a considerable 
interval of time. These cases show that the motor 
impulse is not transmitted along the vessels, and they 
further show that there is no necessity for a direct 
lino of communication from the filament which ia 
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toached towatda tho midrib and oppoaito lobe, or 
towards the outer parts of the same lobe. 

Two 8litB near each other, both parallel to the mid- 
rib, were next made in the same manner as before, one 
on each side of the base of a filament, on five distinct 
leaves, so that a little slip bearing a filament was con- 
nected with the rest of the leaf only at its two ends. 
These slips were nearly of tho same size ; one was care- 
fully measured ; it was '12 of an inch (3'048 mm.) in 
length, and '08 of an inch (2-032 mm.) in breadth ; 
and in tho middle stood tho filament. Only one of 
these slips withered and perished. After tho leaf had 
recoTered from tho operation, though tho slils were 
still open, the filaments thus circumstanced were 
roughly toached, and both lobes, or one alone, slowly 
closed. In two instances touching the filament pro- 
duced no effect ; but when tho point of a needle was 
driven into tiie slip at tho baso of tho filament, tho 
lobes slowly closed. Now in those cases tho impulse 
must have proceeded along tho slip in a lino parallel 
to the midrib, and then have radiated forlli, either 
from both ends or from ouo end alone of tho slip, over 
the whole surface of the two lobes. 

Again, two parallel slits, like tho former onos, wero 
mode, one on each side of the base of a filament, at 
right angles to the midrib. After tho leaves (two in 
number) had rccoTcrod, tho filaments wore roughly 
toached, and the lobes slowly closed; and hero the 
impulse must have travelled for a short distance in a 
line at right angles to the midrib, and then have 
radiated forth on all sides over both lobes. These 
several cases prove that tho motor impulse traveb in 
all directions through the cellular tissue, independently 
of the course of the vessels. 

With Droaera wo have scon that tho motor impalao 
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is tratisiDitted in lilto manner in all directions through 
the cclhiliir tissue ; but that its rate is largely governed 
by tbo length of the cells and the direction of their 
longer axes. Thin sections of a leaf of Diono^ were 
made by my son, and the cells, both those of the 
central and of the more superficial layers, were found 
much elongated, with their longer axes directed to- 
wards the midrib ; and it is in this direction that tho 
motor impulse must be sent with great rapidity from 
one lobe to the other, as both close simultaneously. 
The central parenchymatous cells are larger, more 
loosely attached together, and have more delicate walls 
than the more superficial cells, A thick mass of cel- 
lular tissue forms the upper surface of the midrib 
over the great central bundle of vessels. 

\Vhen tho filaments were roughly touched, at tho 
bases of which slits had been made, either on both 
sides or on one side, paraUel to the midrib or at right 
angles to it, the two lobes, or only onft, moved. In 
one of those eases, the lobe on the aide which bore the 
filament that was touched moved, but in three other 
cases the opposite lobe alone moved ; so that an injury 
which was sufficient to prevent a lobe moving did not 
prevent the transmission from it of a stimulus which 
excited the opposite lobe to move. We thus also 
learn that, although normally both lobea move to- 
gether, each has the power of independent movement. 
A case, indeed, has already been given of a torpid 
leaf that hud lately re-opeiied after catehing an 
insect, of which one lobe alone moved when irritated. 
Moreover, one end of the same lobo can close and re- 
expand, independently of the other end, as was seen 
in some of the foregoing experiments. 

When the lobes, which are rather thick, close, no trace 
of wrinkling can bo seen on any part of their upper 
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anriaces. It appears thercforo that the cells mnst con- 
tract. The chief seat of the movement is evidently 
in the thick ma^s of cells which overlies the central 
bundle of vessels in the midrib. To ascertain whether 
this part contracts, a leaf was fastent-d on the stage of 
the microscope in such a manner that the two lobes 
could not become quite shut, and having made two 
minnte black dots on the midrib, in a transverse lino 
and a little towards one side, they w^re found by the 
micrometer to be -ri-oTr of an inch apart. One of the 
filaments was then touched and the lobes cb^sed ; but 
as they were prevented from meeting, I could still see 
the two dots, which now were -r lh t cf ^^ iuch apart, 
so that a small portion of the upper surface of the 
midrib had contracted in a transverse lino xsW ^^ ^^ 
inch ('0008 mm.). 

We know that the lobes, whilst closing, become 
slightly incurved throughout their whole breadth. 
This movement appears to be due to the conlraction 
of the superficial layers of cells over the whole np|K:r 
surface. In order to observe their contnu.-tion, a nar- 
row strip was cut out of one lobe at right augh^ Ui 
the midrib, so that the surface of the opjMJiiite IoUj 
could be seen in this part when the leaf was kbul. 
After the leaf had recovercl from the operation and 
hod re-espanded, three minute black dots wero niaile 
on the surfiice opposite to the slit or wintlow, in a lino 
at right angles to the midrib. The distance between 
the dots was found to be -ri-Irn of an inch, so that the 
two eitreme dots were ^-J^ of an inch apart. One of 
the filaments was now touched and the leaf closc-d. 
On again measuring the distances between tho d(it*(, 
the two next to the midrib were nearer together by 
■f ii" I of an inch, and the two further dot« by To'ta "f 
an inch, than they ivcro before ; so that the two extieiuv 
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dots now stood about -rrss of an inch (-127 mm.) 
nearer t^jgether than before. If we suppose tho whole 
upper surface of the lobe, which was -rinrff of an inch 
in breadth, to have contracted in the same proportion, 
the total contraction will have amounted to about 
tHt or t'-jt of an inch ('635 mm.) ; but whether this 
is sufficient to account for the slight inward cutratore 
(jf the whole lobe, I am imablo to say. 

Finally, with respect to the movement of the leaves, 
the wonderful discovery made by Dr. Buidon Sander- 
son" is now uniyersolly known ; namely that there 
exists a normal electrical current in the blade and 
footstalk ; and that when the leaves are irritated, the 
current ia disturbed in tho samo manner as takes place 
during the contraction of tho muscle of an animaL 

The Ee-expanaion of the Leaves. — This is offeeted at an 
insensibly slow rate, whether or not any object is 
enclosed.t One lobo can ro-expand by itself, as oc- 
curred with the torpid leaf of which one lobe alone had 
closed. We have also seen in the experiments witli 
cheese and albumen that tho two ends of the same lobo 
can re-espand to a certain extent independently of 
each other. But in all ordinary cases both lobes open 
at the same time. Tho te-expansion is not determined 
by tho sensitive filaments ; all three filaments on ono 
lobo were cut oflf close to their bases ; and the three 



• ' Proc Rnval Stic,' vol. ixi. 
p. 41)5 : and li'c'turD ut tliu Itoynl 
institution, Jane 5, 1874, given in 
' Nature,' 1874, pp. 10.1 and l'i7. 

t Nuttall, iu Lifl ' Gen. Ain«. 
rioan Pluntfl,' p. 277 <nole), aiiyg 
tlint, wliilst cnllidini; lliin pbint 
in ita native homo, " 1 b«.l ncco- 
Bion to oliservo tliitt a di^tacLcil 
leiif would tniiko rtp(?Bl«i cffnrta 
toHorda dieclgnbg iloclf to tlio 



inflnenoo of the snn ; theco at- 
tempts consisted in an nndiila- 
tory motion of the Dinr^nikl cilia, 
oocomiiaaied bjr a partial open- 
ing and BuccH-'ding onUspea of 
the lamina, which at length la- 
oiinstcd in a complete espuiaios 
and in the deatrnction of wnni- 
bility." I am indebted to Fnrf. 
Olin-r forthis reference; but I do 
nut UQdiirebmd ntiat took plaoe. 
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leaves thns treated re-ex pan Jed, — ono to a partinl ex- 
tent in 24 hrs., — a second to tlie sarao cxtunt in 48 
lirs., — and the third, nhicli had been previously in- 
jured, not until the siith day. Those leaves after 
their re-expansion closed quickly when the filamentB 
on the other lobe were irritated. These were then cut 
off one of the leaves, so that none were left. Thig 
mutilated leaf, notwithstanding tho loss of all ita fila- 
ments, re-expanded in two days in the usual manner, 
"When the filaments have been excited by immersioa 
in a solntion of sugar, the lobes do not expand so sooa- 
as when tho flhiments have been merely touched ; and 
this, I presume, is duo to their having been stronf^ly 
affected through exosmose, so that they continue for 
some time to transmit a motor impulse to tho upper 
surface of the leaf. 

The following facts mako mo believe that tho 
several layers of cells fonning tho lower surfuoo of tho 
leaf are always in a state of tensiou ; and that it ia 
owing to this mechanical state, aided i>robabIy by 
fresh fluid being attracted into the cells, that the lobes 
begin to separate or expand as soon as tho contraction 
of the upper surface diminishes. A leaf was cut off 
and suddenly plunged perpendicularly into buiiiiig 
water: I expected that tho lobes would have closed, 
but instead of doing so, they diverged a little. I then 
took another fine leaf, with tho lobea standing at an 
angle of nearly 80" to each other ; and on immersing 
it as before, the angle suddenly increased to 90°. A 
third leaf was torpid from having recently re-expande<I 
after having caught a fly, so that repeated touches of 
the filamenta caused not the least movement; never- 
theless, when similarly immersed, the lobes separated a 
little. As these leaves were inserted perpendicularly 
into tho boiling water, both surfaces and tho filaments 
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must have been equally afFected ; and I can tmder- 
Btantl the divergence of the lobes only by supposing 
that the cells on the lower side, owing to their state of 
tension, aeted mechanically and thus suddenly drew 
the lobes a little apart, as soon as the cells on the 
upper surface were killed and lost their contractile 
power. We have seen that boiling water in like 
manner causes the tentacles of Drosera to curve back- 
wards ; and this is an analogous movement to the 
divergence of the lobes of DiouEea. 

In some concluding remarks in the fifteenth chapter 
on the Droseracee, the dill'crent kinds of irritability 
possessed by the several genera, and the different 
manner in which they capturo insects, will be com- 
pared. 
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Aldbovaitda tebiotuka. 



Stnicttire of Uxa leaves in onmpariwm with 
Ihiae of DionnK — Abeorplion by tbo glaadu, by the quadriliil pro- 
eemem, uid pomta on the iufulJod mar^iim -^ AUroeanila veiiailoia. 
Tar. oMtlralu — Captures prcj — AbsorptioD nf uniinal Diattor — 
Jidnmanda tttiaiioia, voi. tcrtieillata — Coucludiiig lemorka. 

This plant may he called a miniature aquatic Dionira. 
Stein discovered in 1873 tiiat" tbo Ijilobod leaves, 
wliich are generally found closed in Europe, open 
under a sufficiently bigh temperature, and, wbcn 
touched, suddenly close." They re-expand in from 
24 to 36 hrs., but only, as it appears, when inor- 
ganic objects ore enclosed. The leaves sometimes 
contain bubbles of air, and were formerly supposed to 
be bladders ; hence the specific namo of vesiculosa. 
Stein observed that watcr-inaocts were sometimes 
caught, and Prof. Cohn has recently found within tbo 
leaves of naturally growinp; plants many kinds of 
crustaceans and larva;. t Plants which had been kept 
in filtered water were placed by hixn in a vessel con- 



* Since bis original publimtmn, 
Btein has found nut tnnt tlie irri- 
tabilit; of tbe leaves was obserTed 
by De Bbwiu, na rcoariW in 
' BulL Bol Soc do FiBDMi,' in 
1R6I. Delpino stutes in a patM,'f 
published in 1871 (' Nnoro (iinr- 
niile Bot. Ital." vnl. iii. p, 17+) 
thut "una quaalitii di rhLnocio- 
line e di altii ammiLlcolJ aiiiiun- 
tiei" are caught and BufTociitul 
bf the leavoB. I preeumo thut 



ehioecidline wo fresh-water mnl- 
lusra. It would bo iutcrtBtiog to 
know whether their Biiells are at 
all eornxlud hy tbo aoid of the 
- digOHtivo Becrttion. 

t I am RTeutly inJpbtcJ to this 
difti Dgiiia bed natural iiit for having 
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taining niimorous cnistaeeans of tlio genns Cypris, and 
next morning many were found imprisoned and alive, 
etill swimming obout witliin the closed leaves, bat 
doomed to certain death. 

Directly after reading Prof. Cohn's memoir, I re- 
ceived through the kindness of Dr. Hooker living 
plants from Germany. Aa I can add nothing to Pro£ 
Cohn's excellent description, I will give only two 
illustrations, one of a whorl of leaves copied from hia 
work, and the other of a leaf pressed flat open, drawn 
by my son Francis. I will, however, append a few 
remarks ou the differences between this plant and 
Diona;a. 

Aldrovanda is destitute of roots and floats freely in 
the water. The leaves are arranged in whorls round 
the stem. Their broad petioles terminate in from four 
to six rigid projections,* each tipped with a stiff, 
short bristle. Tho bilobed leaf, with the midrib like- 
wise tipped with a bristle, stands in the midst of 
these projections, and is evidently defended by them. 
The lobes are formed of very delicate tissue, so as to 
bo translucent ; they open, according to Cohn, about 
as much as the two valves of n living mussel-shell, 
therefore even less than the lobes of Dioniea; and 
tliis must make the capture of aquatic animals more 
easy. The outside of the leaves and tho petioles are 
covered with minuto two-armed papillte, evidently 
answering to the eight-rayed papilla of Dionsea. 

Each lobe rather exceeds a semi-circle in convexity, 
and consists of two very different concentric portions ; 
tbe inner and lesser portion, or that next to the midrib, 

* Thora has been mach discus- IflCl, p, H6) belicvM tbnt thrj 

sinn by botaDiBUoQ tho hnm'iloj;!. ootrcepond with tho fimbriated 

cut naturo of thoxo pmjections. ecalo-like bodiia Totind at the 

l>r. NitacbJie (' BoL Zeitung,' Loses of tho petioles of Dnsors. 
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is slightly concaTe, and is fonned, according to Cobn, 
of tliree layers of cells. Its oppcr surface is studded 
vith colourless glands like, Lot more simple than, 
those of Dionsa; they are snpportwl on dislinct 
footstalks, consisting of two lovs of cells. The outar 




Cppn llgnni, whutl of loavct (from Frof. Cobn). 
Low Ggnro. Leaf prc»cd fldt opco ukd greoUj enUrgnl. 

and broader portion of tho lobo is flat and very 
thin, being formed of only two layers of cells. Its 
upper eurfaco docs not bear any glamls, bnt, in their 
place, small quadrifid processes, each consisting of 
four tapering projections, which rlao from a common 
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prominence. These processes are formed of very 
delicate membrane lined with a layer of protoplasm; 
and they sometimes contain aggregated globules of 
hyalirie matter. Two of the slightly diverging arma 
are directed towards the circumference, and two 
towards the midrib, forming together a sort of Greek 
cross. Occasionally two of the arms are replaced by 
one, and then the projection is trifid. We shall see in 
a future chapter that these projections curiously re- 
semble those found within the bladders of Ulricnlaria, 
more especially of XJtricularia moniana, although this 
genua is not related to Aldrovanda. 

A narrow rim of the broad flat exterior part of each 
lobe is turned inwards, so that, when the lobes are 
closed, the exterior surfaces of the in-folded portions 
come into contact. The edge itself boars a row of 
conical, flattened, transparent points with broad bases, 
like the prickles on the stem of a bramble or Itubna. 
As the rim is infolded, these jioints aro directed 
towards the midrib, and they appear at first as if they 
were adapted to prevent the escape of prey ; but this 
■ can hardly be their chief function, for they are com- 
posed of very delicate and highly flexible membrane, 
which can be easily bent or quite doubled back with- 
out being cracked. Nevertheless, the infolded rims, 
together with the points, must somewhat interfere 
with the retrograde movement of any small creature, 
as soon as fho lobes begin to close. Tho circum- 
ferential part of tho leaf of Aldrovanda thus differs 
greatly from that of Dioniea ; nor can tho points on 
the rim be considered as homologous with tho spikes 
round the leaves of Dioniea, as these latter are pro- 
longations of the blade, and not mere epidermic 
productions. Thoy appear olao to servo for a widely 
different purpose. 
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On the concave gland-bearing portion of tho lobes, 
and especiaUy on fho midrib, tbtro are numerous, 
long, finely pointed hairs, which, as Prof. Cohn re- 
marks, there can be little doubt are sensitive to a 
tonch, and, when touched, catiae tho leaf to close. 
They are formed of two rows of cells, or, according to 
Cohn, sometimes of four, and do not include any vaa- 
cnlar tissue. They differ also from tho sis sensitive 
filaments of Diona;a in being colourless, and in having 
a medial as well as a basal articulation. No doubt it 
is owing to tliese two articulations that, notwithstand- 
ing their length, they escape being broken when tho 
lobes close. 

The plants which I received during tho early part 
of October from Kew never opened their leaves, 
though subjected to a high temperature. After ex- 
amining the structure of some of them, I experimented 
on only two, as I hoped that tho plants would grow ; 
and I now regret that I did not sacrifice a greater 
number. 

A leaf was cut open along the midrib, and the 
glands examined under a high power. It was then 
placed in a few drops of an infusion of raw meat. 
After 3 hrs, 20 m. there was no change, but when 
next examined after 23 hrs. 20 m., tho outer cells of 
the glands contained, iustrad of limpid fluid, spherical 
masses of a granular substance, showing that matter 
had been absorbed from the infusioij. That these 
glands secrete a fluid which dissolves or digests animal 
matter out of tho bodies of the creatures which tho 
leaves capture, is also highly probable from the 
analogy of Dionfca. If we may trust to tho same 
analogy, tho concave and inner portions of the two 
lobes probably close together by a slow movement, as 
BOOQ as tho glands have absorbed a slight amount of 
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already Bolublo animal matter. Tho included water 
would thus be pressed out, and the secretion conse- 
quently not bo too much diluted to act. With respect 
to the qnadrifid processes on tho outer parts of the 
lobes, I was not able to decide whether they had been 
acted on by the infusion ; for the lining of proto- 
plasm waa somewhat Bhrunk before they were im- 
mersed. Jlany of the points on the infolded rima 
also had their lining of protoplasm similarly shrank, 
and contained spherical granules of hyaline matter. 

A solution of urea was next employed. This aub- 
stanee waa chosen partly because it is absorbed by the 
quadrifid processes and more especially by tho glands 
of Utricularia — a plant which, aa we shall hereafter see, 
feeds on decayed animal matter. Aa urea is one of tho 
last products of the chemical changes going on in tho 
living body, it seems fitted to represent the early stages 
of the decay of the dead body. I was also led to try 
urea from a curious little foct mentioned by Prof, 
Cohn, namely that when rather large crustaceans are 
caught between the closing lobes, they are pressed so 
hard whilst making their escape that they often void 
their sausage-shaped masses of excrement, which were 
found within most of the leaves. These masses, no 
doubt, contain urea. They woidd be left either on 
the broad outer surfaces of the lobes where the quad- 
rifids are situated, or within tho closed concavity. In 
the latter case, water charged with cxcrementitious 
and decaying riiattcr would bo slowly forced outwards, 
and would bathe tho quadrifids, if I am right in 
believing that the coucavo lobos contract after a time 
like those of Dionsea. Foul water would also be apt 
to ooze out at all timea, especially when bubbles of air 
were generated within tho concavity. 

A leaf was cut open and examined, and the onter 
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cells of the glands were fotmd to ojnuin odIt limpid 
fluid. Some of the qaxdiia-is inolGiie'l a few sphericil 
granoles, but aereiml were tranapan^nt and emptT, and 
their positions were marked. This leaf waa now im- 
mersed in a little •olatioo of cme put of oiea to 146 
of water, or three grains to the oonce. After 3 bra. 
40 m. there was do change either in the glands or 
qoadrifids ; nor was there any certain change in the 
glands after 24 hr& ; so that, as far as one trial goes, 
urea does not act on them in the same manner as 
an infosion of raw meat. It was difft-rent with the 
qimdiifida ; for the lining of protoplasm, instead of 
presenting a nnifonn teitnre, was now slightly shmnk, 
and exhibited in many places minute, thickened, irre- 
golar, yellowish specks and ridges, exactly like those 
which appear within the quadrifids of Utriculana 
when treated with this same solution. Moreover, several 
of the quadrifitls, which were beforo empty, now con- 
tained moderately sized or very small, more or less 
aggregated, globules of yellowish matter, as likewise 
occurs under the same circumstances uitL Utriciilaria. 
Some of the points on the infolded margins of thu 
lobes were similarly affected ; for their lining of proto- 
plasm was a little alirimk and included yellowish 
specks; and those which wero before empty now con- 
tained small spheres and irregular masses of hyaline 
matter, more or less aggregated ; so that both the 
points on the margins and the quadrifids had nlisorbcil 
matter from the stjution in the course of 24 hrs. ; but 
to this subject I shall recur. In another rather old 
loaf, to which nothing had been given, but which hud 
' been kept in foul water, somo of the quadrifids con- 
tained aggregated translucent globules. These wcro 
not acted on by a solution of one part of carbonate 
of ammonia to 218 of wafer ; and this negative result 
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agrees with what I have obseiTed under eimilar cir- 
stances with Utricularia. 

Aldrovanda vesiculosa, var. avstralis. — Dried leaves of 
this plant from Queensland in Australia were Bent 
me by Prof. Oliver from the herbarium at Kew. 
Whether it ought to be considered as a distinct species 
or a variety, cannot be told until the flowers are ex- 
amined by a botanist. The projections at the upper 
end of the petiole (from four to six in number) are 
considerably longer relatively to the blade, and much 
more attenuated than those of the European form. 
They are thickly covered for a considerable space 
near their extremities with the upcurved prickles, 
which are quite absent in the latter form ; and they 
generally bear on their tips two or three straight 
prickles instead of one. The bilol>cd leaf appears 
alao to be rather larger and somewliat broader, with 
the pedicel by which it is attached to the upper end 
of the petiole a little longer. The points on tho 
infolded margins likewise differ ; they have narrower 
bases, and are more pointed ; long and short points 
also alternate with much more regularity than in the 
European form. The glands and sensitive hairs are 
similar in tho two forms. No quadrifid processes 
could be seen on several of the leaves, but I do not 
doubt that they were present, though indistinguish- 
able from their delic.icy and from having shrivelled ; 
for they were quite distinct on one leaf under circum- 
stances presently to be mentioned. « 

Some of the closed leaves contained no prey, but in 
one there was a rather largo beetle, which from its 
flattened tibise I suppose was an aquatic species, but 
was not allied to Colymbetcs. All the softer tiasuoa 
of this beetle were completely dissolved, and its chiti- 
noOB integmnenta were as clean as if they had been 



CaiP.XIV. ALDHOVAUDA TESICUlOaA. 329 

boiled in caustic potash ; so that it must have been 
enclosed for a considerable time. The glands were 
browner and more opaque than thoso on other leaves 
which Lad caught nothing; and the quadriiid pro- 
cesses, from being partly filled with brosvn granular 
matter, could be plainly distinguished, which was not 
the case, as already stated, on the other leaves. Some 
of the points on the infolded margins likewise con- 
tained brownish granular matter. We thus gain 
ail'litional evidence that the glands, the qiiadrifid pro- 
cesses, aud the marginal points, all have the power of 
absorbing matter, though probably of a different 
nature. 

"Within another leaf disintcgraterl remnants of a 
rather small animal, not a crustacean, which had 
simple, strong, opaquo mandihlos, and a large unarti- 
cnlated chitinous coat, were present. Lumps of black 
organic matter, possibly of a vegetable nature, were 
enclosed in two other leaves; but in one of these 
there was also a small worm mnch decayed. But the 
nature of partially digested and decayed bodies, which 
have been pressed flat, long dried, and then soaked in 
watfr, cannot be recognised easily. All the leaves 
contained unicellular and other Alga?, still of a green- 
ish colour, which had evidently lived as intruders, in 
the same manner aa occurs, according to Cohn, within 
the leaves of this plant in Germany. 

Aldrovanda vesiculosa, var. vertkiJlata. — Dr. King, 
Superintendent of the Botanic Gardens, kindly sent 
me dried specimens collected near Calcutta. This 
form was, I believe, considered by Wallich as a distinct 
species, under the name of verticSIata. It resembles 
the Australian form much more nearly than the Euro- 
pean; namely in the projections at the upper end of 
the petiole being much attenuated and covered with 
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upcurved prickles ; they terminate also in two straight 
little prickles. The bilobed leaves are, I believe, 
larger aud certainly broader even than those of the 
Australian form ; bo that the greater convexity of 
their margins was conspicuous. The length of an open 
leaf being taken at 100, tho breadth of the Bengal 
form is nearly 173, of the Australian form 147, and 
of the German 134. Tho points on tho infolded 
margins aro liko those in the Australian form. Of the 
few leaves which were examined, three contained 
enfomostracan crustaceans. 

Concluding Eemaris.—Tho leaves of the three fore- 
going closely allied species or varieties are manifestly 
adapted for catching living creatures. With respect 
to the functions of the several parts, there can be little 
doubt that the long jointed haira are sensitive, like 
those of Diona;a, and that, when touched, they cause 
tho lobes to close. That tho glands secrete a true 
digestive fluid and afterwards absorb the digested 
matter, is highly probable from tho analogy of Dio- 
na-a, — from tho limpid fluid within their cells being 
aggregated into spherical masses, after they had 
absorbed an infusion of raw meat, — from their opaque 
and granular condition in the leaf, which had enclosed 
a beetle for a long time, — and from the clean con- 
dition of the integuments of this insect, as well as 
of crustaceans (as described by Cohn), which have 
been long cajitured. Again, from tho effect prodneed 
on the quadrifid processes by an immersion for 24 hrs. 
in a solution of urea, — from the presence of brown 
granular matter within the quadrifids of tho leaf in 
which tho beetle liad been caught,— and from the 
analogy of Utricularia, — it is protmblo that these pro- 
cesses absorb excrcmontitious and decaying animal 
matter. It is a more curious fact that the points on 
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the infolded mar^ina apparently serve to absorb de- 
cayed animal niiitter in the same manner as the quad- 
rifids. We can thus understand the meaning of the 
infolded margins of the lohes furnished with delicate 
points directed inwards, and of the broad, iiat, outer 
portions, bearing qimdrifid processes ; for these sur- 
faces must be liable to be irrigated by foul water 
flowing from the concavity of the leaf when it con- 
tains dead animals. This would follow from various 
caoses, — from the gradual contraction of the concavity, 
— from fluid in excess being secrcted,^aDd from the 
generation of bubbles of air. Jfore observations arc 
requisite on thia head ; but if this view is correct, wo 
have the remarkable case of different parts of tiie 
same leaf Ber\-ing for very different purposes — one 
part for true digestion, and another for the absorption 
of decayed animal matter. We can thus also under- 
stand how, by the gradual loss of either power, a plant 
might bo gradually adapted for the one function to 
tho exclusion of the other; and it will hereafter he 
shonn that two genera, namely Pinguieula and Utri- 
cularia, belonging to the same family. Lave been 
adapted for these two different functions. 
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DnosoriiYLLUM lusitanicum, — This rare plant has 
been found only in Portugal, and, aa I hear from 
I>r. Hooker, in Blorocco. I obtained living specimous 
through the great kindness of Mr. W. C, Tait, and 
afterwards from Jfr. G. Maw and Dr. Moore. Mr. Tait 
iuforms me that it grows plentifully on the sides of 
dry hiUs near Oporto, and that vast numbers of flies 
adhere to the leaves. This latter fact is well known 
to the villagers, who eall the plant the " fly-catcher," 
and hang it up m their cottages for this purpose. A 
plant in my hot-house caught so many insects during 
the early part of April, although tho weather was 
cold and insects scarce, that it must have been in 
some manner strongly attractive to them. On four 
leaves of a young and small plant, 8, 10, 14, and 
16 minute insects, chiefly Diptcra, were found in the 
autumn adhering to them. I neglected to examine 
the roots, but I hear from Dr. Hooker that they are 
very small, as in tho case of the previously men- 
tioned members of the same family of tho Droseracero. 
Tho leaves arise from an almost woody axis ; they 
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are linear, much attenuated towards tlioir tips, and 
several inches in length. The upper surface is con- 
cave, the lower convex, with a narrow chaunel down 
the middle. Both surfaces, with the exception of tho 
channel, are covered with glands, sujiported on pedicela 
and arranged in irregular longitudinal rows. These 
organs I shall call tentacles, from their close reseni- 
hlance to tlioso of Drosera, though they have no power 
of movement. Those on the same leaf differ much in 
length. The glands also differ in size, and are of a 
bright pink or of a purjile colour; their upper sur- 
faces are convex, and tho lower flat or even concave, 
• BO that they resemble miniature mushrooms in apjxiar- 
ance. They are formed of two (aa I believe) layers 
of delicate angular cells, enclosing eight or ten larger 
cells with thicker, zigzag walls. Within these largLT 
cells there are others marked by spiral lines, and 
apparently connected with the spiral 
vessels which ma up the green multi- 
cellular i>edicel3. The ghinda secrete 
large drops of viscid secretion. Other 
glands, having the same general 
appearance, are found on tho flower- 
peduncles and calyx. 

Besides the glands which are borne 
on longer or sliorter pedicels, there 
are numerous ones, both on the upper 
and lower surfaces of tho loaves, so 
small as to be scarcely visible to the 
naked eye. They are colourless and 
almost sessile, either circular or oval ''"'^""'°'- '"''i'^' 
in outline ; the latter occurriug chielly iMBii->v".uVrji.,:. 
on tho backs of the leaves (fig. 14j. 
Litemally they have exactly the same structure as 
the larger glamJs which are supported on pedicels ; 
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and indeed the two seta almost graduate into one 
another. But the sessile glunds differ in one im- 
portant respect, for they never secrete spontaneously, 
as far as I have seen, thongh I have examined 
them under a high jwwer on a hot day, whilst 
the glands on pedicels were secreting copiously. 
Nevertheless, if little bits of damp albumen or fibrin 
are placed on these sessile glands, they begin after a 
time to secrete, in the same manner as do the glands 
of Dionasa when similarly treated. "When they were 
merely rubbed with a bit of raw meat, I believe that 
thoy likewise secreted. Both the sessile glands and 
the taller ones on pedicels have the power of rapidly 
absorbing nitrogenous matter. 

The secretion from the taller glands differs in a 
remarkable manner from that of Drosera, in being acid 
before the glands have been in any way excited ; and 
judging from the changed colour of litmus paper, more 
strongly acid than that of Drosera. This fact was 
observeil repeatedly ; on one occasion I chose a young 
leaf, which was not secreting freely, and had never 
caught an insect, yet the secretion on all the glands 
coloured litmus paper of a bright red. From tbo 
quickness with which the glands are able to obtain 
animal matter from such substances as well-washed 
fibrin and cartilage, I suspect that a small quantity of 
the proper ferment must be present in the secretion 
before the glands are excited, so that a little animal 
matter is quickly dissolved. 

Owing to the nature of the secretion or to the shajM 
of the glands, tho drops are removed from them with 
singular facility. It is even somewhat difficult, by 
tho aid of a fiui:dy pointed polished needle, slightly 
damped with water, to place a minute particle of any 
kind on oao of the di'ops ; for on withdrawing the 
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needle, the drop is generally withdrawn ; whereas with 
Drosera there is no such difficulty, though the drops 
are occasionally withdrawn. From this peculiarity, 
when a small insect alights on a leaf of Drosophyllum, 
the drops adhere to its wings, feet, or body, and arc 
drawn from the gland ; the insect then crawls onward 
and other drops adhere to it ; so that at last, bathed 
by the viscid secretion, it sinks down and dies, resting 
on the small sessile glands with which the surface of 
the leaf ia thickly covered. In the case of Drosera, 
an insect sticking to one or more of tho exterior 
ghinds ia carried by their movement to the centre of 
tho leaf; with Drosophyllum, this is effected by tho 
crawling of the insect, as from its wings being clogged 
by the secretion it cannot fly away. 

There is another difference in function between the 
glands of these two plants : we know that the glands 
of Drosera secrete more copiously when pro[)erly 
excited. But when minute particles of carbonate of 
ammonia, drops of a solution of this salt or of tho 
nittate of ammonia, saliva, small insects, bits of raw 
or roast meat, albumen, fibrin or cartilage, as wtdl as 
inorganic particles, were placed on tho glands of Dro- 
sophyllum, the amount of secretion never appeared to 
be in tho least increased. As insects do not commonly 
adhere to the taller glands, but withdraw the secretion, 
we can soo that there would bo little use in their 
having acquired the habit of secreting copiously when 
stimulated ; whereas with Drosera this is of use, and 
the habit has been acquired. Nevertheless, the glands 
of Drosophyllum, without being stimulated, continu- 
ally secrete, so as to replace the loss by evaporation. 
Thus when a plant was placed under a small bell- 
glass with its inner surface and supptjrt thoroughly 
wetted, there was no loan by evaporation, and so much 
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secretion was accumulated in the course of a day that 
it ran duwn tlie tentacles and covered large spacea of 
the leaves. 

The glands to which the above named nitrogenous 
substances and liquids were given did nof, as just 
stated, secrete more copiously ; on the contrary, they 
absorbed their own drops of secretion with surprising 
quickness. Bits of damp fibrin were placed on fivo 
glands, and when they were looked at after an interval 
of 1 hr. 12 m., the fibrin was almost dry, the secre- 
tion having been all absorbed. So it was nith three 
cubes of albumen after 1 hr. 19 m.,and with four other 
cubes, though these latter were not looked at until 
2 hrs. 15 m. had elapsed. The same result followed 
in between 1 hr. 15 m. and 1 hr, 30 in. when particles 
both of cartilage and meat were placed on several 
glands. Lastly, a minute drop {alwut -^ at a. minim) 
of a solution of one part of nitrate of ammonia to 
146 of water was distributed between the secretion 
surrounding three glands, so that the amount of fluid 
surrounding each was slightly increased ; yet when 
looked at after 2 hrs., all three were dry. On the 
other hand, seven particles of glass and three of coal- 
cinders, of nearly the same size as those of the above 
named organic substances, were placed on ten glands ; 
some of them being observed for 18 hrs., and others 
for two or three days ; but there was not the least 
sign of the secretion being absorbed. Hence, in tho 
former cases, the absorption of tho secretion must 
have been due to tlie presence of some nitrogenons 
matter, which was cither already soluble or was ren- 
dered so by the secretion. As the fibrin was pure, 
and had been well washed in distilled water after 
being kept in glycerine, and as the cartilage had been 
soaked in water, I suspc-ct that thcso substances must 
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LiiTe been slightly acted on and rendered soluble 
witbin tbe above slated short periuda. 

The glands have not only the power of rapid absorp- 
tion, but likewise of secreting again quickly ; and this 
latter habit has perhaps been gained, inasmuch as 
insects, if they touch the glands, generally withilraw the 
drops of secretion, which have to be restored. The exact 
period of re-secretioa was recorded iu only a few cases. 
The glands on which bits of meat were placed, and which 
were nearly dry after about 1 hr. 3U m., when looked 
at after 2'2, additional hours, were found secreting ; so 
it was after 24 hrs. with one gland on which u bit 
of albumen had been placed. Tlie tliTDe glands to 
which a minute drop of a solution of nitrate of 
ammonia was distributed, and which became dry after 
2 hrs., were beginning to re-secrete after only 12 addi- 
tional hours. 

Tentacles Incapable of Movement. — Many of the toll 
tentacles, with insects adhering to them, were care- 
fully observed ; and fragments of insects, bits of raw 
meat, albumen, &ti., drops of a solution of two Halts 
of ammonia and of saliva, were placed on the glauils 
of many tentacles ; bat not a trace of movement could 
ever be detected. I also roiwatedly irritntwl the 
glands with a needle, and scratehed and pricked the 
bhides, but neither the blade nor the tentiielea became 
at all inflected. Wo may therefore conclude that 
they are incapable of raoveraeut. 

On.the Power of Absorption possessed hy (lie Glands. — 
It has already been indirectly shown that the glands 
on pedii^els absorb animal matb.T ; and tlds is further 
shown by their changed colour, and by the aggregation 
of their contents, after they have been left in contact 
with nitrogenous substances or liqiuda. The followiug 
observations apply both to the glands sup])i'rted on 
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pedicels and to tho niinuto sessile ones. Before a 
glund lias been in any way Btimulatfd, the exterior ctills 
commonly contain only limpid jiurplo fluid ; tlie more 
central ones including mulberry-like masses of purple 
granular matter. A leaf was placed in a little solution 
of one pai't of carbonate of ammonia to 146 of water (3 
grs, to 1 oz.), and tbo glands were instantly darkened 
and very soon became black ; this change being due 
to the strongly marked aggregation of their contents, 
more especially of the inner cells. Another leaf was 
placed in a solution of the same strength of nitrate of 
ammonia, and the glands were slightly darkened in 
25 m., more so in 50 m., and after 1 br. 30 m, were of 
so dark a red as to appear almost black. Other leaves 
were placed in a weak infusion of raw meat and iii 
human saliva, and tho glands were much darkened in 
25 m,, and after 40 m. wero so dark as almost to 
deserve to be called black. Even immersion for a 
whole day in distilled water occasionally induces some 
aggregation within the glands, so that they become of 
a darker tint. In all these eases tho glands are 
afl'ected in exactly tho same manner as those of 
Drosera. Milk, however, which acta so energetically 
on Urosera, seems rather less effective on Uroso- 
pbyllum, for the glands were only slightly darkened 
by an immersion of 1 hr. 20 m,, but became decidedly 
flarker after 3 hrs. Loaves which had been left for 
7 hrs. in an infusion of raw meat or in saliva were 
placed in tho solution of carbounto of ammonia, and 
tho glands now became greenish; whereas, if they 
bad been first placed in the carbonate, they would 
have become black. In this latter case, the ammonia 
probably combines with the acid of the secretion, 
and therefore does not act on the colouring matter; 
but when the glands arc first subjected to an organic 
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fliiiJ, either the acid is consumed in the work of di- 
gestion or the cell-walls are rendered more permeable, 
so that the nndecomposed carbonute enters and acts 
on the colonring matter. It' a particle of the dry 
carbonate is placed on a gland, tho purple colonr ia 
quickly discharged, owing probably to an excess of tho 
salt. The gland, moreover, is killed, 

Taming now to the action of organic substances, 
the glands on which bits of raw meat were placed 
became dark-coloured ; and in 18 hrs, their con- 
tents were conspicuously aggregated. Several glands 
with hits of albumen and fibrin were darkened in 
between 2 hrs. and 3 hrs. ; but in one case tho 
purple colour waa completely discharged. Some 
glands which hod caught flies were compared with 
others close by ; and though they did not differ much 
in colour, there was a marked difference in their state 
of aggregation. In some few instances, however, there 
was no such difference, and this appeared to be due 
to the insects having been caught long ago, so that 
the glands had recovered their pristine state. In one 
case, a group of the sessile eulourless glands, to which 
a small fly adhered, presented a peculiar appearance ; 
for they had become purple, owiug to puqde granular 
matter coating tho cell-walls. I may hero mention 
as a caution that, soon after some of my plants arrived 
in the spring from Portugal, tho glands were not 
plainly acted on by bits of meat, or insects, or a 
solution of ammonia — a circumstance for which I 
cannot account, 

Digedion of Solid Animal ilfa«e?-. — Wniilst I was 
trying to place on two of tho taller glands little cubes 
of albumen, these slipped down, and, besmc-ared with 
secretion, were left rL':^ling on some of tho amall acssilo 
glands. After 2i hrs. ono of these cubes was found 
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completely liquefied, Lut with a few white streaks 
still visible ; the other was muoli rounded, but not 
quite dissolved. Two other cubes were left on tall 
glands for 2 Jirs, 45 m., by which time all the secre- 
tion waa absorbed; but they wero not perceptibly 
acted on, though no doubt some slight amount of 
animal matter had been absorbed from them. They 
were then placed on the small sessile glands, which 
being thus stimulated secreted co])iously in the 
course of 7 hra. One of these cubes waa much 
liquefied within this short time ; and both were com- 
pletely liquefied after 21 hra. 15 m. ; the little liquid 
masses, however, still showing some white streaks. 
These streaks disappeared after an additional period 
of 6 hrs. 30 m. ; and by nest morning (i. e. 48 hra. 
from the time when the cubes were first placed on 
the glands) the liquefied matter was wholly absorbed. 
A cube of albumen was left on another tall gland, 
which first absorbed the secretion and after 24 hrs. 
poured forth a fresh supjily. This cube, now sur- 
rounded by secretion, was left on the gland for an 
additional 24 hrs., hut was very little, if at all, acted 
on. We may, therefore, conclude, either that the 
secretion from the tall glands has little power of diges- 
tion, though strongly acid, or that the amount poured 
forth from a single gland is iusuflicient to dissolve a 
particle of albumen which within the same time would 
have been dissolved by the secretion from several of the 
small sessile glands. Owing to the death of my last 
plant, I waa unable to ascertain which of these alter- 
natives is the true one. 

Four minute shreds of pure fibrin were placed, 
each resting on one, two, or three of the taller glands. 
In the course of 2 hrs. 30 m. the accretion was all 
absorbt-d, and the shreda wero left almost dry. Thoy 
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were then piisbed oq to the Benile glaitdfl. One ^red* 
after 2 bra. 3U m., Buemod qnit« disBuIred, bot thii tnaj 
have been a misUike. A seowid, vben examiotxl after 
17 hrs. 2o m., was liquefied, bat the liquid M sten 
imd^r tho microscope still contuned floMing gnnoles 
of fibria. The other two shreds were completely 
liquefied after 21 his. 30 m. ; bat in one of the dio}« 
a very few granules coald still be detected, TbeK, 
however, were dissolved after an additioiui] interval 
of 6 hrs. 30 m. ; and the surface of the leaf fur sunie 
distojice all round was coveref] with limpid flai'L It 
thus appears that Drosophyllnm di(re>tt^ albomeu 
and fibrin rather more quickly than I>rosera can ; 
and this may perhaps be attributed to the aejd, 
together probably with some smiill amount of tlie 
ferment, being present in the secretiun, before the 
glands have been stimulated ; so that digestion begins 
at once. 

Concluding Eemarlit. — The linear leaves of Droso- 
phyllum differ but slightly from those of certain 
species of Drusera; the chief differences being, firstly, 
the presence of minute, almost sessile, glands, which, 
like those of Diona-a, do not secrete until they are 
excited by the aljsorptiou of nitrogenous matter. But 
glands of this kind are presf-nt on the leaves of • 
Drosera binala, and apjiear to bo representefl by iLe 
papillae on the leaves of Drosera Toluttdi/olia, Se<!ondly, 
the presence of tentacles on the bucks of the leaves ; 
but we have seen that a few tentacles, irregularly placed 
and tending towards abortion, are retained on the 
bocks of the leaves of Drosera hlnata. There are 
greater differences in function bc'twcen the two ge- 
nera. The most important one is that the tentacles 
of Drosophyllum huvo no power of movement; this 
loss being jjurtially replaced by the drops of viscid 
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eecretion being readily .wjtlidrawn from the glands; so 
that, when an insect comes into contact nith a drop, 
it is able to crawl away, but soon touches other drops, 
and then, smothered by tho secretionj sinks down on 
the sessile glands and dies. Another difference is, 
that the secretion from tho tall glands, before they 
have been in any way excited, is strongly acid, and 
perhaps contains a small quantity of the proper 
ferment. Again, these glands do not secrete moro 
copiously from being excited by the absorption of 
nitrogenous matter ; on the contrary, they then absorb 
their own secretion with extraordinary quickness. In 
a short time they begin to secrete again. All these 
circumstances are probably connected with the fact 
that insects do not commonly adhere t« the glands 
with which they first come into contact, thongh this 
does sometimes occur; and that it is chiefly the se- 
cretion from the sessile glands which dissolves animal 
matter out of their bodies. 



EoniDULA. 

lioridula dentain. — This plant, a native of the western 
parts of the Cape of Good llope, was sent to me in' a 
■ dried state from Eew. It has an almost woody stem 
and branches, and apparently grows to a height of 
some feet. The leaves aro linear, with their summits 
much attenuated. Their upper and lower aurfiices 
are concave, with a ridge in the middle, and both are 
covered with tentacles, which differ greatly in length ; 
some being very long, especially those on the tips 
of the leaves, and some very short, Tho glands also 
differ much in size and are somewhat elongated. 
Thi'y are supported on multicellular pedicels. 

Thia phmt, therefore, agrees in several respects with 
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Droaophylltun, but differs in the following points. I 
could detect no sessile gluuils ; oor would those havo 
beea of any use, as the upper surface of the leaves ia 
thickly clothed with pointed, unicellular hairs directed 
upwards. The pedicels of the tentacles do not include 
spiral vessels; nor are there any spiral cells within the 
glands. The leaves often arise in tufts and are pin- 
natifid, the divisions projecting at right angles to the 
main linear blade. These lateral divisions are often 
yery short and bear only a single terminal tentacle, 
with one or two short ones on the sides. No distinct 
line of demarcation can be drawn between the pedi- 
cels of the long terminal tentacles and the much 
attennated summits of the leaves. We may, indeed, 
arbitrarily fix on the point to which the spiral vessels 
proceeding from the blade estend ; but there is no 
other distinction. 

It was evident from the many particles of dirt stick- 
ing to the glands that they secrete much viscid matter. 
A large number of insects of many kinds also adhered 
to the leaves. I could nowhere discover any siyns 
of the tentacles having been inflected over the cap- 
tured insects ; and this probably would have been seen 
even in the dried specimens, had they possessed the 
power of movement. Hence, in this negative cha- 
racter, Eoridula resembles its northern representative, 
Drosophyllum. 

Byblis. 

ByUia giganiea (Western Australia). —^A dried 
specimen, about 18 inches in height, with a strong 
stem, was sent me from Kew. The leaves are 
some inches iu length, linear, slightly flattened, with 
a small projecting rib on the lnwer surface. They 
are covered on all sides by glands of two kiuJs 
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— sessile ones arranged in rowa, and others enp- 
ported on moderately long petlicels. Towards the 
narrow summits of tho Icavos the pedicels are longer 
than elsewhere, and here equal the diameter of the 
leaf. The glands ate purplish, much flattened, and 
formed of a single layer of radiating cells, which in 
the larger glands are from forty to iifty in number. 
The pedicels consist of singlo elongated cells, with 
colourless, extremely delicate walls, marked with the 
finest intersecting spiral lines. Whether these lines 
aro the result of contraction from the drying of the 
walls, I do not know, but the whole pedicel was often 
spirally rolled up. These glandular hairs aro iar more 
simple in structure than the so-called tentacles of tho 
preceding genera, and they do not differ essentially 
from those borne by innumerable other plants. The 
flower-peduncles bear similar glands. The most sin- 
gular character about tho leaves is that tho apex is 
enlarged into a littlo knob, covered with glands, and 
about a third broader than tho adjoining part of the 
attenuated leaf. In two places dead flies adhered to 
the glands. As no instance is known of unicellular 
structures having any power of movement,* Byblia, 
no doubt, eatthea iuseets solely by the aid of its 
viscid secretion. These probably sink down besmeared 
with the secretion and rest on the small sessile glands, 
which, if we may judge by tho analogy of Droso- 
phyllum, then pour fourth their secretion and after- 
wards absorb the digested matter. 

Supplementary Ohservattons on the Power of Abutrp- 
tion bij the Glandular Uaira of other Plants. — A few 
observations on this subject may be here conveniently 
introduced. As tho glands of many, probably of all. 



• BaoliB, ' TwiW Jo Bot' 3rd edit. 1874, p. 1020. 



Chap. XV. THEIB POWEB OF ABSORPTION, 345 

the species of Droseraceoj absorb various fluids or 
at least allow them rcmlily to enter,* it seemed dt-air- 
able to aacertain bow far tho glands of other plants 
wlijch are not specially ai:lapted for capturing insects, 
had the same power. Plants were cliosen for trial 
at hazard, with the exception of two sijecies of suxi- 
&age, which were selected from belonging to a family 
allied to the Droseraceae. Most of the experiments 
were made by immersing the glands either in an in- 
fusion of raw meat or more commonly in a solution of 
carbonate of ammonia, as this latter substance acts so 
powerfully and rapidly on protoplasm. It seemed ala» 
particularly desirable to ascertain uhether ammonia 
was absorbed, aa a small amount ia contained in rain- 
water. With the DroserdcCEG the secretion of a viscid 
fluid by the glands does not prevent their absorbing ; so 
that the glands of other plants might excrete super- 
fluous matter, or secrete an odoriferous fluid as a 
protection against the attacks of insects, or for any other 
purpose, and yet hare the power of absorbing. I 
regret that in the following cases I did not try whethr-r 
the aecretion could digest or render soluble animal 
Bubstances, but such experiments would have htvn 
difficult on account of the small size of the glands 
and the small amount of secretiiin. Wo shall see in 
the next chapter that the secretion from the glandular 
hairs of Pinguicula certainly dissolves animal matter. 

Batafraga timhTosa. — The fiower-peduBclea nnd petioles of the 
leaves are clothed with ehort hairs, tiearing pink-colonred glaiids, 
formed of several polygonal cells, with tlieir pedicels divided \<y 
partitions into distinct cells, which are gcuerany colourioHH, but 
sometimes pink. Tbe glands socrote a jelluwish viscid fluid, hy 
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which minnie Biptera ore sometimeE, though not often, canght* 
Tho culla of tho glonda contoiu bright pink fluid, charged with 
gruaiilcB or with globular masecs of pinkish pulpj matter. This 
matter must be protoplasm, for it is seen to undei^o elow hnt 
incessant chaDges of form if a gland bo placed in a drop of 
watttr and examined. Similar movements were observed afl«r 
gknds had been immersed in water for 1, 3, 6, 18, and 27 hrs. 
Even after this latter period the glands retained their hright 
pink colour; and the protoplasm witUin their cells did not 
opponr to liavo become more aggregated. Tho continuallj 
changing fonns of the little masses of protoplasm ore not dno to 
tho a!)sorption of water, as they were seen in glands kept dry. 

A flower-stem, still attached to a plant, was bent (May 29) 
so aa to remain immorsed for 23 hrs. 80 m. in a strong infusion 
of raw meat. Tho colour of tho contenls of the glands was 
slightly changed, being now of a duller and more purple tint 
than before. Tho contents also appeared more aggregated, for 
tho spaces between tho little masses of jtrotoplafim were wider ; 
but this latter result did not follow in some other and similar 
experimenta The masses scorned to change their forms more 
rapidly than did those in water ; so tlutt tho cells had a diffci^ 
ont ajipearance every four or fivo minutes. Elongated masses 
bccamo in tho coatso of one or two minutes spherical; and 
spherical onoa drew themselves out and united with others, 
filinute masses rapidly increased in size, and three dihlinct 
ones were seen to unite. Tho movements were, in short, 
exactly hke those described in the case of Droeera. The cells 
of the jiedieela were not affected by tho infusion ; nor were they 
in the following oxpcrimout. 

Another Sower-stem was placed in the some manner and for 
the same length of time in a solution of one part of nitrate of 
ammonia to 14G of water (or 3 grs. to 1 oz.), and the glands 
weie discoloured in exactly the Bomo manner aa by tho infusion 
of raw meat. 

Another flowcr-slem was immorsed, as before, in a solution of 
one part of cwbonato of ammonia to 109 of water. The glands, 
after 1 Iir. 30 m., were not discoloured, but after 3 hrs. 45 m. 
most of them had become dull purple, some of them falackiab- 

• In the coBo at Snjifrnga tri- etanpo remnants of insscts ad- 

dtvlyliUf, Mr. Druco flnya (■ I'kir- liered to the l(*ves. So it is, on 

inuccntical Jouinul,' Mar l^lh) 1 hear fmm a, friend, with tlua 

Ihitt bu examiutid mine auztna of plant la Ireland, 
plantd, aud in olniuttt every in- 
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green, a few beinR Btill nnaETDCted, The little masses of proto- 
plasm within the cells were seen in moyement. 'ihe cells of the 
pedicels were UBaltered. The eipcriment waa repeatixl, and a 
treeh flower-Btcm waa left for 23 hra. in the eolution, and now a 
great effect was produced; all the glands were much blackened, 
and the previonsly transparent fluid in the cells of the pedicels, 
eren down to their bases, conlaincd Bphcrical moases of graaular 
matter. Bj comparing man; different hairs, it was evident that 
the glands first absorb the carbonate, and that the effect thus 
produced traTcla down the hairs from cell to c«lL The first 
change which could be olnerved is a cloudy appearance in tho 
fluid, dne to the formation of vcrj fine granules, which after- 
wards aggregate into larger masses. Altogether, in the darken- 
ing of the glands, and in the process of aggregation travelling 
down the ccUb of the pedicels, there is the closest resemblance 
to what takes place when a tentacle of BroKora is immerxcd in 
a weak solution of tho same salt. The glands, however, absorb 
very mnch more slowly than those of Drosera. Besides tlio 
glandiiiar hairs, there are slar-Rhaped orgims which do not 
appear to secrete, and which were not in the least affected by 
the above solutions. 

Although in the case of uninjured flower-stems and leaves 
the carbonate seems to Iw absorbed only by tho glands, yet 
it enters a cat surface much more quickly than a gland. Strips 
of tho rind of a flowor-stem were torn off, and tho cells of tho 
pedicels were seen to contain only colourless transparent fluid ; 
those of the glands including as nsnal some granular matter. 
These strips were then immersed in tho same solution as before 
(one part of tho earbonnlo to 103 of water), and in a few 
minutes granular matter appeared in the lower cells of all tho 
pedicels. The action invariably commenced (for I tried the 
experiment repeatedly) in tho lowest cells, and thcrofore close 
to the torn surface, and then gradnally travelled up tho hairs 
until it rcoched the glands, in a reversed direction to what 
occurs in uninjiu'ed Rjwcimons. The glands then became dis- 
colouredj and the previously contained graQiilor matter waa 
aggregated into larger masses. Two short hits of a flower-stem 
were also left for 2 hrs. 40 m. is a weaker solution of one part 
of the carbonate to 218 of water; and in both specimens tho 
pedicels of ttio hairs near the cut ends now contained much 
granular matter; and the glands were completely discoloured. 

Lastly, bits of meat were placed on somo glands ; these wore 
examined after 23 hrs., as were others, which had apparently 
not long before caught minute flies ; but they did not present any 
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difference from the glimde of other hairs. Perhaps there may 
not havG heen time eDou^h for absorption. I think so as some 
glftodR, on which dead tties hod evidently long Iain, wore of a 
p^Io dirtj purple colour or even almost colomlesB, and the 
pnnul^r matter within them presented an unosual and some- 
what peculiar appearance. 1'liat these glands hod abeorbed 
niiimal matter from the flies, probably by exosmose into the 
yiscid secretion, we laaj infer, not only from their changed 
colour, but because, when placed in a Eolntion of carbonate of 
ammonia, some of the cells in their pedicels become //W with 
granular matter ; whereas the cells of other hairs, which had 
not caught flies, after being treated with the same Bolntion for 
the some length of time, contained only a small quantity 
of granular matter. But more cTidcnce is necessary before wo 
fully admit that the glands of this saxifrage can abaorb, even 
with ample time allowed, animal matter from the minute 
in^ecta which they occafiionally and accidentally capture. 

Siixi/rtga roluudi/otia (?). — The hairs on the fiowcr-staniB of 
this spcciGs are longer than those just described, and bear pale 
brown glands. Blany were ciamincd, and the colls of the 
jiediwls wore quite transparent. A bent stem was immcraed 
for 30 m. in a solution of one part of carbonate of ammonia to 
. 109 of water, and two or tlireo of the uppermost colls in the 
pedicels now contained granular or a^gr^;atcd matter ; tho 
glands having become of a bright ycHo wish -green. Tlie glands 
of this species therefore alisorb the carbonate much more 
quickly than do those of fiarifraga umbrota, and tho upper 
cells of the pedicels are likewise affected much more quickly. 
Pieces of the Btcm were cut off and immersed in tho same 
solution ; and now the process of aggregation travelled up tho 
hairs in a reversed direction; the cells close to the cut buT' 
faces being first affect nl. 

I'riinula Biiitnsin. — The fiower-stems, the upper and lower anr- 
facea of the leaves and their footstalks, are all clothed with a 
multitude of longer and shorter hoirs. The pedicels of the 
longer hairs are divided by transverse partitions into eight or 
nine cells. The enlarged terminal cell is globular, forming K 
gland which Becretes a variable amount of thickj sUghtly viscid, 
not acid, brownish-yellow matter. 

A piece of a young flowtr-stem was first immersed in distilled 
water for 2 hrs. '60 m., and the glandular hairs were not at all 
affuctod. Another piece, bearing twenty-five short and nina 
long hairs, was carefully examined. Tho glands of tho latter 
contained no solid or semi-solid matter; and those of only two . 
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of the tirent7-five shnrt h«in onuined Mine gjobnlo. This 
piece was then immereed for 3 hn. in a Bolntkn of coe p«it of 
c&rbonate of ammonia to 109 of 'n.Xet, sod now tl>e gkoda of 
Ibe twenty-five ehurter bain, with two or three etceptkins, con- 
buned either one \axge or frcm two to &Te EnMJl^ ej^Kricsl 
iDMaes of Gemi-Bolid matter. Threeof tbegUodsof the nineloDe 
bairB likewise included eimil&r muses. In a few hairs tbera 
were also globules in the cells immediat^lj beneftth the glanda. 
Looking to sU thirty-four hairs, there coald be no doabt that 
the glands had abeorbed some of the carbonate. Another piece 
was left for onlj 1 hr. in the Game eolntioo, and aggre^led 
matter appeared in all the glanda. Mj bod Francis eiaminEd 
some glands of the longer hairs, which oonlaised little niasses 
of matter, before thej were inunersed in anj solution : and 
these masses slowly changed their forms, bo that no doubt they 
conatsted of proloploKin. He then ini^tcfl tlicRe haita for 1 hr. 
15 m., whilst nnderthe microscope, with a eolntion of one part of 
the carbonate to 218 of water ; the glands were not perceptibly 
affected, nor conld this have been expected, as their ci 
already aggregated. Bnt in the cells of the pedicels n 
almost colourless, spheres of matter appeared, which changed 
their forms and slowly coalesced; the appesrance of the cells 
being thns totally changed at Encccssive intcrvnts of tima 

The glands on a young ilowcr'Stem, after having been left 
for 2 hrs. 45 m- in a Etrong solntioD of one part of the carbonate 
to 109 of water, contained an abundance of a^repoted masevn, 
but whether generated by the action of the talt, I do not 
know. This piece was again placed in the mlution, ro that 
it was immersed altq^cther for G hrs. 1-^ m., and Dow there vna 
a great cliaD(;o ; for almost all the spherical masses witiiin 
the gland-cells hod disappeared, being replaced by gnmnlar 
matter of a darker brown. The experiment was thriee re- 
peated with nearly the same result On one occasion the piece 
was left immersed for 8 hrs. 30 m., and thongh almost all the 
spherical masses were changed into the brown granular matter, 
a few still remained. If the spherical masses of aggregated 
matter had been originally produced merely by some chemical 
or physical action, it seems strange that a somewhat longer 
immersion in tlio same solution should so completely alter 
their character. But as the masses which sloivly and 
spontaneously cliongi-d thuir forms must have conHistcd of 
living protopla.sin, there is nothing surprising in its being 
injored or killed, and its ajipearanco wholly changed by long 
kypmersion in so strong a Rolution of the carbonate ns that 
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emplofed. A solution of this strength panilfBes all Tnoretnent 
in Droeen, but does not kill the protoplasm; a still Btronper 
Bolntion pierents the protopleGm fioto aggregating. into tbo 
ordinal; fall-eized globular niaasea, and these, thongh they 
do not diGintegiatc, bocoine granular and opaque. In nearly 
the Game nianner, too hot water and certain Golntjooa (for 
instance, of the Baits of Boda and potash) canBe at first an 
imperfect kind of a^irgrcgation in the cclla of Dnwen; the little 
maseea afterwards breaking np into granalor or polpy brown 
matter. All the foregoing eipcriments were made on flower- 
stems, bat a piece of a leaf was immersed for 30 m. in a strong 
aolntioa of the carbonate (one part to 109 of water), and littlo 
globnlar masses of matter appeared in all the glands, which 
before contained onl; Limpid floid. 

I made also several eiperiments on the action of the Taponr 
of the carbonate on the glands ; bat will give only a few cases. 
The cut end ot the footstalk of n yonng leaf was protected with 
s^sUt^-v^T, and was then placed ni.der a mnall bell-glass, with 
a large pinch of the carbonate. After lU m. the glands showed 
a coD^derablc iegrad of aggre^tion, and tlio protoplasm lining 
the cells of the pedicels was a little separated from the walla. 
Anotlier leaf was left for 50 m. with the same result, excepting 
that the haiis became tbronghoat their whole length of a 
brownish colour. In a third leaf, which was exposed for 1 hr. 
50 m., there was mnch aggregated raatter in the glands ; and 
some of the mosses showed nigns of breaking np into brown 
gronnlu matter. This leaf was again placed in tbo vapour, 
so that it was eipoeed altogether for 5 hre. 30 m. ; and now, 
thongh I examinijd a largo number of glands, aggregate<l 
masses were found in only two or three ; in all the others, 
the masses, which before hod been globular, were converted 
into brown, opaqae, granular matter. Wo thus see that 
piposuRj to the vapour for a considerable time produces the some 
cSecld as long immersion in a strong solntion. In both cases 
thcro (tiuld hardly be a doubt that the salt had been abaorbed 
chiefly or eiclnsiTcly by the glands. 

On another occasion bits of damp fibrin, drops of a weak in- 
fnaion of row meat and of water, were left for 21 hrs. on some 
IWTCS ; the hairs were then esamined, but to my sarprise di&red 
in no respect from others which hod not been togcbcd by thc«e 
fluids. Most of the cells, however, included hyaline, motionleBS 
little spheres, which did not seem to consist of protoplasm, 
but. I snppoee, of M>me balaom or Efisep"-' "' 

PAtrsoniura tonnk (var. olged — Tha la 
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are clotbod with nnmeronB mnlticellnlar hairs; Bome Bimply 
pomted; others bearing gltmdular beads, and differing much in 
length. The glajids on a piece of leaf were examined and found 
to contain only limpid fluid ; most of the water was removed 
bcaa beneath the coTering gloes, and a minute drop of uno part 
of oubonate of ammonia to 146 of water was added ; bo that an 
extremely Btnatl dose was given. After an intcrral of only 3 m. 
there were signa of aggregation within the glands of the shorter 
hairs ; and after 5 m. many small globnlcs of a palo brown tint 
Appeared in all of them; similar globules, but larger, being 
found in the large glands of the longer hairs. Aft^r the speci- 
men had been left for 1 hr. in the solution, many of the smaller 
globules had changed their positions; and two or three vacuoles 
or small spheres (for I know not which they were) of a rather 
darker tint appeared within some of the larger globulcB. 
Little globules could now bo seen in soino of the nppermofit 
cells of the pedicels, and the protoplasmic lining was slightly 
separated from the walls of Iho lower cells. After 2 hrs. '30 m. 
from the time of first immersion, the large globules within 
the glands of the longer haire were converted into masses of 
darker brown granular matter. Hence from what we have seen 
with i'rimula lineiiiii, there can bo little donbt that theso 
maaaea originally consisted of living protoplasm. 

A drop of a weak infuBiou of raw meat was placed on a leaf, 
and after 2 hrs. 30 m. many spheres could be seen witiiiu tho 
glands. These spheres, when looked at again after 3D m., had 
slightly changed their positions and forms, and one had f!epn- 
nted into two ; but tho changes were not quite like those which 
the protoplasm of Brosera undergoes. These hairs, moreover, 
had not buen examined before itmnersion, and there were similar 
omo glands which bad not been touched by tho 



Erira tetiutix. — A few long glandular hairs project from tbo 
margins of the upper surfaces of tho leaves. The pedicels are 
formed of Beveral rows of cells, and support rather large globular 
beads, secreting viscid matter, by wliich minute insects are 
occasionally, thongh rarely, caught. Some leaves were left for 
23 hrs. in a weak infusiou of raw meat and in water, and 
the hairs were then compared, but they differed very little or 
not at all. In both cases the contents of the cells seemed rather 
more granular than they were lieforo ; but the granulM did not 
Inhibit any movement. Other leaves were left for 23 bra. in il 
n of one part of carbooatA of ammonia to 21H of water, 
s again the granular matter appeared to have increased 
IS .^^^ 



L more gram 
^^jxhibit any 
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employed. A solution of this etrcngth jMrnljuB bU movement 
in Drosera, but docs not iiil the protoplaBm ; a still stronger 
Bolutioa prevents the protoplttKm from Bggrogating.into tfao 
ordiiinrj full-wzed glohular masses, and Uiese, though they 
do not difiintegrato, hccomo gnu'i'iJ and opaqne. In nearly 
the same manner, too hot n'ater and certain solutions (for 
instance, of the salts of soda and potash) cause at first an 
imperfect kind of apgregation in tlie cells of Drosora; the little 
masfles aftervrards breaking up into granular or pulpy hrown 
matter. All the foregoing esporiments wore made on flower- 
stems, hut a piece of a leaf was immersed for 30 m. in a strong 
solution of the carbonate (ouo pait to 109 of water), and little 
globular mEisscs of matter appeared in all the glands, which 
before contained only limpid fluid. 

I made alao i^everal esporiments on the action of the Taponr 
of the cftrbonate on the glands ; but will give only a few cuses. 
The cut end of the footstalk of a young leaf was protected with 
sealing- was, and was then placed under a small l)eli-glass, vtilh 
a largo pinch of the carbonate. After 10 m. the glands showed 
a considerable degree of aggregation, and the protoplasm lining 
the cells of the pedicels was a littlo separated from the walls- 
Another leaf was left for 50 m. with the same result, excepting 
that the bair^ became throughout their whole length of a 
brownish colooi. In a Oiird loaf, which was exposed for I he, 
50 m., there was much ag^egatcd matter in the glands ; and 
some of the masses showed signs of breaking up into brown 
granular matter. This leaf was again placed in the vapour, 
so that it was exposed altogether for 5 hrs. 30 m.; and now, 
though I eiamincd a largo number of glands, aggregated 
masses were found in only two or thrco ; in all the others, 
the masses, which before had been globular, were converted 
into brown, opaque, granular matter. We thus see that 
exposure to the vapour for a considerable time produces the same 
effects as long immersion in a strong solution. In both caaos 
there could hardly be B. doubt that the salt had been absorbed 
chiefly or exclusively by the glands. 

On another occasion bits of damp fibrin, drops of a weak in- 
fusion of raw meat and of water, were left for 24 hrs. on somo 
leaves ; the hairs were then examined, but to my surprise diS^red 
in no respect from others which hod not been torched by those 
fluids. Most of the cells, however, included hyaline, motionleas 
httle splicrcs, which did not seem to consist of protoplasm, 
but, I suppose, of some balsam or essential oil. 

Ptlurguaium zotiale (rar. edged with white). — The leavee 
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are clothed with numerous multicellular hoire; some simply 
painted ; otbeis bcariDg glandolar beads, and difTeriug much in 
length. The glands on a piece of leaf were examined and found 
to contain only Unipid fluid ; most of the water was removed 
from beneath the covering glass, and a minute drop of one part 
ot carbonate of ammonia to I4C of water was added ; so that an 
extremely Bmali dose was given. After an interval of only 3 m. 
there were signs of aggregntion within tUo glands of the shorter 
hairs ; and after 5 m. many Rmall globnlea of a pale brown tint 
appeared in all of them; similar gtobuica, hut larger, being 
found in the largo glands of the longer hairs. After the 6|>eci- 
meu had been left for 1 hr. in tlio solution, many of the smaller 
globnlee bad changed their positions ; and two or tbreu raciiolcs 
or small spheres (for I know not whicli they were) of a ratlier 
darker tint appeared within somo of tlie larger globules. 
Little globulea could now bo seen in some of the up|>ermost 
cells of the pedicels, and tho protoplasmic lining was slightly 
separated from the walls of tho lower cells. After 2 lira. 30 m. 
from tho time of first immernion, the largo globules within 
the glands of the longer hairs were converted into masses of 
darker brown granular matter. Ilence from what wo have seen 
with Primula sineimit, there can be littlo doubt that these 
masses originally consisted of living protoplasm. 

A drop of a weak infusion of row meat was placed on a leaf, 
and after 2 hrs. 30 m. many spheres could bo seen within tho 
glands. These spheres, when loolicd at again after 30 m., had 
slightly changed their positions and forms, and one had sepa- 
rated into two; but tho changes were not quite liko those which 
the protopbsm of Dros«ra undergoes. These hairs, moreover. 
Lad not been examined before immersion, and there were similar 
spberos in some glands which had not been touched by tbo 
infusion. 

Eriixi tel'-iili:c.—A few long glandular hftira project from tl)0 
margins of tho upper surfaces of tho leaves. The pedicels aro 
formed of several rows ot cells, and support rather large globular 
heads, secreting viscid matter, by which minute insects aro 
oecaaionallr, though rarely, caught. Some leaves wcro left fur 
23 hrs. in a week infusion of raw meat and in water, and 
the hairs were then compared, but they differed very little or 
not at all, In both cases the contents of tho colls seemed rather 
more granular than they were l)efore ; but the grannies did not 
exhibit any movement. Other leaves were left for 23 hrs. in a 
solution of ono imrt of cortonate of ammonia to 218 of water, 
and hero again the granular matter appeared to havo increased 
in 
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in amount ; but one sncb mosB retained cxactlj the EOme form as 
before after an interval of 5 lirs., bo that it could hardly bave 
consisted of living protoplasm. These glands seem to have very 
little or no power of absorption, certainly much less than those 
of tlie foregoing plants. 

Mirabilis /onjyJoni.— The stems and both surfaces of the 
leaves bear viscid hairs. Young plants, from 12 to IB inches 
in height in my greenhouse, caught so many minute Diptera, 
Coleoptera, and larvie, that they were qnila dusted with them. 
The hairs are short, of unequal lengths, formed of a single row 
of cells, eurmounted by on enlarged cell wliich secretes viscid 
matter. These terminal culls or glands contain granules and 
often globnles of granular matter. Within a gland which had 
caught a small insect, one such mass was observed to undci^ 
iuceesant changes of form, with the occasional appearance of 
vacuoles. But I do not Iwliove that this protoplosm bod been 
generated by matter at)8orl)ed from the dead insect; for, 
on comparing Bevcrol glands which bod and bad not caught 
insects, not a shade of difference could be perceived between 
them, and they all contained fine granular matter. A piece of 
leaf was immersed for 21 hrs. in a solution of one part of car- 
lionato of ammonia to 218 oE water, but the hairs seemed very 
little affected by it, csceptiug lliat perhaps tlie glands wore 
rendered rather more opaque. In the leaf jteelf, however, the 
grains of cbloropbjil near the cut surfaces had run together, 
or iHMJorae aggregated. Nor were the glands on another loaf, 
after an immersion far 24 lire, in an infusion of raw meat, in 
the least affected; but the protoplasm lining the cells of the 
pedicels hail shrunk greatly from the walls. Ttiis latter effect 
may have been due to esosmoso, as the infusion was strong. 
Wc may, therefore, conclude that the glands of this plant either 
have no power of absorption or that the protoplasm which they 
contain is not acted on by a solution of carbonate of ammcMiia 
(and this seems scarcely credible) or by an infusion of meat 

A'lroiinnu lahaciim. — This plant is covered with innumerable 
hairs of unequal lengths, which catch many minute insects. 
The pedicels of the hairs are divided by transverse partitions, 
and the secreting glands are formed of many cells, containing 
greenish matter with little globules of some substance. Leaves 
were left in on infusion of raw meat and in water for 26 bra., 
but presented no difference. Some of these same leaves 
were then left for above 2 brs. in a solution of carbonate of 
ammonia, but no effect was produced. I regret that other 
experiments were not tried with more core, as M. Schloesing 
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has shown * that tobacco plants euppliod with tho vapotu' of 
cuboaato of aiDiiionia yield on analyBiH a greater amount of 
nitrogen than other plants not thus treated ; and. from what 
we have seen, it is probable that some of tbo vapour may be 
absorbed hy tho glandular hairs. 

Summary of the Observations on Glandular Hairs. — 
From tlio foregoing observations, few an they are, we 
see that the gUnds of two species of Saxifraga, of a 
Primnla and Pelargonium, Imve the power of rapid 
absorption ; whereas the glands of an Erica, Mirabilis, 
and Nieotiana, either have no snch power, or tlio 
contents of the cells aro not affected by the fluids 
employed, namely a solution of carbonate of oin- 
monia and an infusion of raw meat. As the glands 
of the Mirabilis contain protoplasm, which did not 
became aggregated from exposure to tho fluids juat 
named, though the contents of the cells in the blade 
of the leaf were greatly afi'fcted by carbonate of 
ammonia, we may infer that they cannot absorb. We 
may further infer that tho innumerable insects caught 
by this plant are of no more service to it tlian arc 
those which adhere to the deciduons and sticky scales 
of the leaf-buds of the horse-chestnut. 

The most interesting case for us is that of the two 
species of Saxifraga, as this genus is distantly allied 
to Drosera. Their glands absorb matter from an 
infusion of raw meat, from solutions of tho nitrate 
and carbonate of ammonia, and apparently from 
decayed insects. This was shown by the changed 
dull purple colour of the protoplasm within tiie cells 
of the glands, by its state of aggregation, and appa- 
rently by its more rapid spontaneous movements. 
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The aggregating process spreads from tho glands 
down tlio pedicels of the hairs ; and wo may assume 
that any matter which is absorbed ultimately reachea 
the tissues of the plunt. On the other hand, the process 
travels op the hairs whenever a surface is cut and ex- 
jiosed to a solution of the carbonate of ammonia. 

The glands on the flower - stalks and leaves of 
Primula sinensis quickly absorb a solution of the 
carbonate of ammonia, and the protoplasm which they 
contain becomes aggregated. The process was seen 
in some cases to travel from the glands into the upper 
cells of tho pedicels. Exposure for 10 m. to tho 
vapour of this salt likewise induced aggregation. 
When leaves were left from 6 hrs. to 7 hrs. in a strong 
solution, or were long exposed to tho vapour, the little 
masses of protoplasm became <lisintegrated, brown, and 
granular, and were apparently killed. An infusion of 
raw mpftt produced no effect on the glands. 

The limpid contents of the glands of Pelargonium 
zonule became cloudy and granular in from 3 m. to 5 m. 
when they were immersed in a weak solution of the car- 
bonate of ammonia ; and in the course of 1 hr. granules 
appeared in the upper cells of tho pedicels. As tho 
aggregated masses slowly changed their forms, and as 
they suffered disintegration when left for a considei^ 
able time in a strong solution, there can be little doubt 
that they consisted of protoplasm. It is doubtful 
whether an infusion of raw meat produced any effect. 

The glandular hairs of ordinary plants have gene- 
rally been considered by physiologists to serve only 
OS secreting or excreting organs, but we now know that 
they have the power, at least in some cases, of absorbing 
both a solution and the vapour of ammonia. As raiu- 
water contains a small percentage of ammonia, and the 
atmosphero a minute quantity of tho carbonate, this 
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power can hardly fail to bo beneficial. Nor can the 
benefit be quite so insignificant as it might at first be 
thought, for a moderately fine plant of Primula 
sinensis bears the astonishing number of above two 
millions and a half of glandular hairs," all of which 
are able to absorb ammonia brought to them by the 
rain. It is moreover probable that the glands of some 
of the above named plants obtain animal matter from 
the insects which are occasionally entangled by the 
viacid secretion. 

COSCLUDISQ EeMARKS OS THE DrOSEILVCE.E. 

The six known genera composing this family have 
now been described in relation to our [jrcscnt subject, 
as far as my means have permitted. Tbcy all capture 
insect-s. This is effected by Prosophyllura, Roridula, 
and Byblis, solely by the viscid fluid secreted from 
their glands ; by Drosera, through the same means, 
together with the movements of the tentacles ; by 
DionEca and Aldrovanda, through the closing of tho 
blades of tho leaf. In these two lost genera rapid 
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movement makes up for the loss of viscid secretion. 
In every case it is some part of the leaf wliich moves. 
In Aldrovanda it appeai-a to he the busal parts alone 
which contract and carry with them the broad, thin 
margins of the lobes. In Diona>a the whole lobe, with 
the exception of the marginal prolongations or spikes, 
curves inwards, though the chief seat of movement is 
near the midrib. In Drosera the chief seat is in the 
lower part of the tentacles, which, homologically, may 
bo considered as ptulongutions of the leaf; but the 
wholo blade often curia inwards, converting the leaf 
into a temporary stomach. 

There can hardly bo a doubt that all the plants 
belonging to these six genera have the power of dis- 
solving animal matter by the aid of their secretion, 
which contains an acid, together with a fennent 
almost identical in nature with pepsin ; and that they 
afterwards absorb the matter thus digested. This is 
certainly the case with Drosera, Drosophyllum, and 
Diontca; almost certainly with Aldrovanda; and, from 
analogy, very probable with Roridula and Byblia. We 
can thus understand how it is that the three first- 
named genera are provided with such small roots, and 
that Aldrovanda is quite rootless; about the roots 
of the two other genera nothing is known. It is, no 
doubt, a surprising fact that a whole group of plants 
(and, as we . shall presently see, some other plants 
not allied to the Droseracea^) should subsist partly by 
digesting animal matter, and partly by decomposing 
carbonic acid, instead of exclusively by this latter 
means, together with the absorption of matter from 
the soil by the aid of roots. We have, however, an 
equally anomalous case in the animal kingdom ; the 
rhizocephalous crustaceans do not feed like other 
animals by their mouths, for they are destitute of an 
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alimentary canal; bnt they live by absorbing tbrough 
root-like processes the juices of the animals on H'hii;b 
they are parasitic* 

Of the six genera, Drosera has been incomparably 
the most snccessful in the battle for life ; and a largo 
part of its snccess may be attributed to its manner 
of catching insects. It is a dominant form, for it is 
believed to include about 100 species,t which range in 
the Old World from the Arctic regions to Southern 
India, to the Cape of Good Hope, Madagascar, and 
Australia; and in the New World from Canada to 
Tierra del Faego, In this respect it prDscnts a marked 
contrast with the five other genera, which appear to bo 
failing groups, Diontea includes only a single species, 
which is confined to one district in Carolina. The 
three varieties or closely allied species of Aldrovanda, 
like so many water-planta, have a wide range from 
Central Europe to Bengal and Australia, Droso- 
phyllum includes only one species, limited to Portugal 
and Morocco. Buridula and Byblis eauh have (as I 
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hear from Prof. Oliver) two species ; tlie former con- 
fined to the western parts of tlie Cape of Good Hope, 
and the lutter to Australia. It is a strange fact that 
Dionaea, which is one of the most hentitifully adapted 
phinta in the vegetable kingdom, should apparently be 
on the high-road to extinction. This is all the more 
strange as the organs of Dionjca are more highly 
differentiated than those of Drosera ; its filamenta 
serve exclusively as organs of touch, the lobes for 
capturing insects, and the glands, when excited, for 
secretion as well as for absorption; whereas with 
Drosera the glands servo all these purposes, and secrete 
without being excited. 

By comparing the structure of the leaves, their 
degree of eomjilication, and their rudimentary ports 
iti the six genera, wo arc led to infer that their common 
parent form partook of tlie characters of Drosophyllum, 
Itoridula, and Byblis, The leaves of this ancient form 
were almost certainly linear, perhaps divided, and bore 
on their upper and lower surfaces glands which had 
the power of secreting and absorbing. Some of these 
glands were mounted on pedicels, and others were 
almost sessile; the latter secreting only when stima- 
lated by the absorption of nitrogenous matter. In 
Byblis the glands consist of a single layer of cella, 
supported on a unicellular pedicel; in Boridula they 
have a more complex structure, and are supported on 
pedicels formed of several rows of cells; in Droso- 
l)hyllum they further include spiral cells, and the pedi- 
cels include a bundle of spiral vessels. But in these 
three genera these organs do not possess any power of 
movement, and there is no reason to doubt that they 
are of the nature of hairs or trichomes. Althongh in 
iunumerable instances foliar organs move when ex- 
cited, no case is known of a triehome haVing such 
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power.* We are thus led to iDquire how the so-called 
tentacles of Drosera, whiuli are mauileatly of the same 
general nature aa the glandular hairs of the above 
three genera, could have acquired the power of moving. 
Many botanists maintain that thtso tt-ntaclcs consist 
of prolongations of the leaf, because they include vas- 
cular tissue, but this can no longer be considered as a 
trustworthy distinction.! The possession of the power 
of movement on excitement would have been safer 
evidence. But when we consider the vast number of 
the tentacles on both surfaces of the leaves of Droso- 
phyllum, and on the upper surface of the leaves of 
Drosera, it seems scarcely possible that each tentacle 
could have aboriginally existed as a prolongation of 
the leaf. Boridula, perhaps, shows us how we may 
reconcile these difficulties with respect to the homo- 
logical nature of the tentacles. The lateral divisiona 
of the leaves of this plant terminate in long tentacles ; 
and these include spiral vessels which extend for only 
a short distance up them, with no line of demarcation 
between what is plainly the prolongation of the leaf 
and the pedicel of a glandular hair, 'i'hereforc there 
would be nothing anomalous or unusual in the basal 
parts of these tentacles, which correspond with the 
marginal ones of Drosera, acquiring the power of 
movement; and we know that in Drosera it is only 
the lower part which becomes inflected. But in order 
to understand how in this latter genus not only the mar- 
ginal but all the inner tentacles have become capable 
of movement, we must furtlier assume, either that 
through the principle of correlated development this 
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power was transferred to the basal parta of the hairs, 
or that the surface of the leal' has been prolonged 
upwards at numerous point-s, eo as to unite with the 
hairs, thus forming the bases of the inner tentacles. 

The above named three genera, namely Droso- 
phyllum, Roridula, and Byblis, whieh appear to have 
retained a primordial condition, still bear glandular 
hairs on both surfaces of their leaves ; but those on 
tho lower surface have since disappeared in the more 
highly developed genera, with the partial exception 
of one species, Drosera hinala. The small sessile 
glands have also disappeared in some of the genera, 
being replaced in Eoridula by hairs, and in most 
species of Drosera by absorbent papillte. Drosera 
hinaia, with its linear and bifurcating leaves, is in 
an intermediate condition. It still bears some sessilo 
glands on both surfaces of the leaves, and on the lower 
surface a few irregularly placed tentacles, which are 
incapable of movement. A further slight change 
would convert tho linear leaves of this latter species 
into the oblong leaves of Drosera anglica, and these 
might easily pass into orbicular ones with footstalks, 
like those oi Drosera rotundifolia. The footstalks of this 
latter species bear multicellular hairs, which we have 
good reason to believe represent aborted tentacles. 

The parent form of Dionica and Aldrovanda seems to 
have been closely allied to Drosera, and to have had 
rounded leaves, supported on distinct footstalks, and 
i'umiahcd with tentacles all round the circumference, 
with other tentacles and sessile glands on the upper 
surface. I think ao because the marginal spikes of 
Diourea apparently rejiresent tho extreme marginal 
tentacles of Drosera, the six (sometimes eight) sensitive 
filaments on the upper surface, as well aa the more 
numerous ones in Aldrovanda, representing the central 
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It is a fiur more remarkable problem liuw (ho 
members of this family, and Pinguicula, and, as Dr. 
Hooker has recently shown. Nepenthes, could all hnve 
acquired the power of secreting a fluid which dis- 
Bolres or digests animal matter. The six geuera of 
the DroseraeetB hftvo probably inherited this jiovrer 
from a common progenitor, brtit this cannot apply to 



362 CONCLUDING BEMAHK8 CiUr. XV. 

Pinguicula or Nepenthes, for these plants are not at all 
closely related to the Droseraeeic. But the diiBculty 
is not nearly bo great as it at first appears. Firstly, the 
juices of many plants contain an acid, and, apparently, 
any acid serves for digestion. Secondly, aa Dr. Hooker 
has remarked in relation to the present subject in his 
address at Belfast (1874), and aa Sachs repeatedly 
insists,* the embryos of some plants secrete a fluid 
which dissolves albuminous substances out of the 
endosperm ; although the endosperm is not actually 
united with, only in contact with, the embryo. All 
plants, moreover, have the power of dissolving albu- 
minous or proteid substances, such as protoplasm, 
chlorophyll, gluten, aJcurone, and of carrying them 
from one part to other parts of their tissues. This 
must be effected by a solvent, probably consisting of 
a ferment together with an acid.f Now, in the case of 
plants which are able to absorb already soluble matter 
fi'om captured insects, though not capable of true 
digestion, the solvent just referred to, which must be 
occasionally present in the glands, would be apt to 
exude from the glands together with the viscid secre- 
tion, iuftsmuch as end osmose is accompanied by 
esosmose. If such exudation did ever occur, the 
solvent woiild net on the animal matter contained 
within the captured insects, and this would be an 
act of true digestion. As it cannot be doubted 
that this process would be of high service to plants 
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growing in very poor soil, it would tend to ha perfected 
tbroQgh uatoial selection. Therefore, any ordinary 
plant having viscid glands, whieh oeeasionally caught 
ineects, might thus be converted under favourable cir- 
camstances into a species capable of true digestion. It 
ceases, therefore, to be any great mystery bow several 
genera of plants, in no way closely related together, 
have independently acquired this same power. 

As there exist several plants the glands of which 
cannot, as far aa is known, digest animal matter, yet 
can absorb salts of ammonia and animul fluids, it is 
probable that this latter power forma the fii-st stage 
towards that of digestion. It might, hoivevt-r, happen, 
imder certain conditions, that a jdant, afti.T having 
acquired the posver of digestion, should degenerate 
into one capable only of absorbing animal matter in 
solution, or in a state of decay, or tho final products 
of decay, namely the salts of ammonia. It would apiiear 
that this has actually occurred to a partial extent with 
the leaves of Aldrovonda ; tho outer parts of which 
possess absorbent organs, hut no glands fitted for tho 
secretion of any digestive fluid, these being confined 
to the inner parts. 

Little light can be lhro\ni on the gradual acquiro- 
ment of the third remarkable character possessed by 
the more highly developed genera of the Droseracea^, 
namely the power of movement whcu excited. It 
should, however, be borne in mind that loaves and 
their homologues, as well as flower-pedimcles, have 
gained this power, in innumerable instances, indepen- 
dently of inheritance from any common parent form ; 
for instance, in tendril-bearers and leaf-climbers (i. e. 
plants with their leaves, petioles and flower-peduncles, 
lite, modified for prehension) belonging to a largo 
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number of the most wiJely distinct orders, — in tbo 
leiivcs of the many pknts which go to sleep at night, 
or move when shaken, — and in the irritable stamens 
and pistils of not u. few speties. We may therefore 
infer that the power of movement can be by some 
means readily acquired. Such movements imply irri- 
tability or sensitiveness, hut, as Cohn has remarked,* 
the tissues of the plants thus endowed do not differ 
in any uniform manner from those of ordinary plants; 
it is therefore probable that all leaves are to a slight 
degree irritahle. Even if an insect alights on a leaf, 
a slight molecular change is probably transmitted 
to some distance across its tissue, with the sole 
difference that no perceptible effect is produced. We 
have some evidence in favour of this belief, for we 
know that a single touch on the glands of Uroscra does 
not excite inflection ; yet it must produce some effect, 
for if the glands have been immersed in a solution of 
camphor, inflection follows within a shorter time than 
would have followed from the effects of camphor 
alone. So again with Uiona^a, the blades in their 
ordinary state may Imj roughly touched without their 
closing; yet some effect must be thus caused and 
transmitted across the whole leaf, for if the glands have 
recently absorbed animal matter, even a delicate touch 
cause's thera to close instantly. On the whole we may 
conclude that the acquirement of a high degree of 
sensitiveness and of the power of movement by certain 
genera of the Droseracete presents no greater difficulty 
than that presented by the similar but feebler powers 
of a multitude of other plants. 



• See the abstract of Iiir mo- Mne. <if Nnt. Hisl.' Snl soriea, 
moir on the contractile tissues rol. xi. p. ISP. 
oT ploDta, in the ' Anaals anil 



CUAP. SV. ON THB DBOBERACKS. 365 

The specialised nature of the sensitiveness possessed 
hj Drosera and Diunfea, and by certain other plants, 
well deaen'es attention. A gland of Urosora may be 
forcibly Lit once, twice, or even tlirice, without any 
effect being produced, whilst the continued pressure 
of an extremely minute particle excites movement. 
On the other hand, a particle many times heavier 
may be gently laid on one of the filaments of 
Bioutea with no effect ; but if touched only once by 
the slow movement of a delicate hair, the lubes close ; 
and this difference in the nature of the sensitiveness of 
these two plants stands in manifest adaptation to their 
manner of capturing insects. So dues the fact, that 
when the central glands of Drosera absorb nitro- 
genous matter, they transmit a motor impulse to the 
exterior tentacles much more quickly than when they 
are mechanically irritated ; whilst with Diona^a the 
absorjition of nitrogencoua matter causes tho lobes 
to press together with extreme slowTieas, whilst a 
touch excites rapid movement. Somewhat analogous 
cases may be observed, as I have shown in another 
work, with the tendrils of various plants ; some being 
most excitcl by contact with fine fibres, others by 
contact with bristles, others with a flat or a creviced 
surface. The senaitive organs of Drosera and Dionaia 
are ai& specialised, so as not to be uselessly affected 
by the weight or impact of drops of rain, or by 
blaeta of air. This may be accounted for by sup- 
posing that these plants and their progenitors havo 
groft-n accustomed to the repeated action of rain and 
wind, 80 that no molecular change is thus induced ; 
whilst they have been rendered more sensitive by 
means of natural selection to the rarer impact or 
pressure of solid bodies. Although the absorption by 
the glands of Drosera of various fluids excites move- 
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meat, there is a great diETerence in the actjon of 
allied fluids ; for instance, butween certain vegetable 
acids, and between citrate and phosjiliate of ammonifl. j 
The specialised nature and perfection of tlie sensitiv) 
ness in these two plants is all the more astomabin^l 
as no one Biippoaes that they possess nerves ; and I 
testing Droscra with several substances which : 
powerfully on the nervous system of animals, it do< 
not appear that they include any diffused matte 
analogous to nerve-t issue. 

Although the cells of Drusera and Dioutea are quital 
as sensitive to certain stimulants as are the tisau«Q 
which Burround the terminations of tho nerves ias 
the higher animals, yet these plants are inferior eveafl 
to animals low down in the scale, in not being affected'T 
except by stimulants in contact with their sensitirol 
parts. They would, however, probably be affucted by I 
radiant heat ; for warm water excites energetic move* J 
meut. ^Tien a gland of Drosera, or one of the filft>fl 
ments of Dioncea, is excited, the motor impulse radiate 
in all directions, aud is not, as in the case of ammala, 
directed towards special points or organs. This holds 
good even in the case of Drosora when some exciting 
substance has been placed at two points on the disc, 
and when the tentacles all round are inflected witbj 
marvellous precision towards the two [Hjints! Th) 
rate at which the motor impulse is transmitted, though-1 
rapid in J!>iona:a, is much slower than in most or olll 
animals. This fact, as well as that of the motor 1 
impulse not being specially directed to certain pointy 1 
are both no doubt due to the absence of nerves. Never- ■■ 
theless we perhaps see tho prcligurement of the fomm- J 
tion of nen'ca in animals in the transmission of the I 
motor impulse being so much more rapid down the I 
confined space within the tentacle-s of Drosera than. J 
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elscnlici-e, and somewhat more rapid in a longitudinal 
than in>tt transverse direction across the disc. These 
plants exhibit still more plainly their inferiority to 
animals in the absence of any reflex action, except in 
80 far as the glands of Drosera, when excited from a 
distance, send back some influence which causes the 
contents of the cells to become aggregated down to the 
bases of the tentacles. But the greatest inferiority of 
all is the abseoco of a central organ, able to receive 
impressions from all points, to transmit their effects 
in any definite direction, to store them np and repro- 
duce them. 
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rinyulaila vtiigani — Stnotuw of leavoa — Number of inaecb ai 
other objcota iuut;ht — Hovcmcnt of tlio mnrgUiB of tbs leaici 
Uiie« of this inovCTncut — Secretion, dyjpstion, and alwirption- 
Aetiiiii of the Bucretion on varions unjuml and ve^-tnbUi 
— Tlio effucts of Bubstances not coaluiaiog aolublo i 
matter on the glands — Ping ui'cula Qraniltjlora — i^nyviciila 
tuaioa, catcheB meects — Slovumant of the leavee, seomUon 
digestion. 

PiNOUlcULA VDL0ARI9. — TLia plant grows in 
places, generally on moimtaina. It beara on an 
eight, mtlier tliick, oblong, light green loaves, having 
scarcely any footstalk. A full-sized leaf is about 1^ 
ineh in length anJ j inch in breadth. The young 
central leaves are deeply concave, and project npwardsj 
the older ones towards the outside ore flat or conve; 
and lio close to the ground, forming a rosette"] 
from 3 to 4 inches in diameter. The margins of 
leavea are incurved. Their upper surfaces are thickl; 
covered with two sets of glandular hairs, differing 
the size of tjie glands and in the length of thi 
pedicels. The larger glanda have a circnlar outline 
seen from above, and arc of moderate thickness ; thi 
are divided by radiating partitions into sixteen cells, 
containing light-green, homogeneous fluid. They are 
supported on elongated, unicellular pedicels (contain- 
ing a nucleus with a nucleolus) which rest on slight 
prominences. The small glands differ only in being 
formed of about half the numlM?r of cells, containing 
much paler fluid, and supported on much shorter pedi- 
cels. Near the midrib, towards the base of the leaf, thdHJ 
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pedicels are multicellular, arc longer tlian elsewhere, 
and boar smaller glands. All the glands secrete a 
colourlees fluid, which is so viscid that I have seen a 
fine thread drawn ont to a length of 18 inches; but 
tlko fiuid in this case was secreted by a gland which 
had been excited. Thu edge of the leaf is translucent, 
and does not boar any glands; and hero tho spiral 
veaselfl, proceeding from the midrib, terminate in cells 
marked by a spiral line, somewhat like those within 
the glands of Droscra. 

The roots are short. Three plants were dug up in 
North Wales on June 20, and carefully washed ; 
onch bore five or six unbranched roots, the longest of 
wliicb was only 1'2 of an inch. Two rather young 
plants were examined on September 28 ; these had a 
greater number of roots, namely eight and eighteen, 
all under 1 Inch in length, onJ very little branched. 

I was led to investigate the habits of this plant by 
Ijcing told by Sir. W. Marshall that on the mountains 
of Cumberland many insects adhere to the leaves. 



A friend sent mc on Juno 23 thirty-nine leaves from Korlli 
Wftles, which were selcclod owing to oLjecla of Bomo kind ad- 
hering to thom. Of those leaves, thirty-two had canght M3 
insocts, or on an average 44 per Icnf, minute fmgnicnts of 
insects not, being included. Besides the insects, eniall leaves 
belonging to four different kinds of plants, those of Erica Ulraiia 
being much the ootnmoncst, and three minut« seedling plants, 
blown by tho wind, adhered to nineteen of the leaves. One had 
canght as many as ten loaves of the Erica. Seeds or fruits, 
commonly of Corcx and one of Jnncus, besides bits of moss 
and other rubbish, likewise adhered to six of the thirty-nine 
leaves. The same friend, on June 27, collected nine plants 
Uaring seventy-four loaves, and sJl of these, with tho exception 
of three young leaves, had caught iiiseeta ; thirty insects wero 
oooQted on one leaf, eighteen on a second, and sixteen on a third. 
Another friend examined on August 23 eome plants in Donegal, 
Ireland, and found insects on 70 oat of 157 leaves ; fifteen of 
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ment, there is a great difference in the action of 
allied fluids ; for instance, between certain vegetable 
acids, and between citrato and pliusphat« of ammonia. 
The specialised nature and i>erfection of the sensitive- 
ness in these two plants is all the more astomshing 
as no one snppusos that they possess ner^^es ; and by 
testing Drosera with several bu balances which act 
powerfully on the nervous system of animals, it does 
not appear that they include any diffused matter 
analogous to nerve-tissue. 

Although the cells of Drosera and Dionsa are quite 
as sensitive t^ certain stimulants as are the tissues 
which surround the terminations of the nerves in 
the higher animals, yet these plants are inferior even 
to animals low down in the scale, in not being affected 
except by stimulants in contact with their sensitive 
parts. They would, however, probably be affected by- 
radiant heat ; for warm water excites energetic move- 
ment, AVhen a gland of Drosera, or one of the fila- 
ments of Dioniea, is excited, the motor impulse radiates 
in all directions, and is not, as in the case of animals, 
directed towards special points or organs. This holds 
good oven in the case of Drosera when some exciting 
substance has been placed at two points on the disc, 
and when the tentacles all round are inflected with 
marvellous precision toivards the two point* The 
rate at which the motor impulse is transmitted, though 
rapid in Dioniea, is much slower than in most or all 
animals. This fact, as well as that of the motor 
impulse not being specially directed to certain points, 
are both no doubt due to the absence of nerves. Never- 
theless we perhaps see the prefigurcment of the forma- 
tion of nerves in animals in the transmission of the 
mot<ir impulse being so much more rapid down the 
confined spaco within the tentacUa of Drosera than 
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daewhere, and sotnenhat more rapid in a loDgilnilinal 
than in- a transverse direction across the disc. These 
plants exhibit still more plainly thtir inferiority to 
aaimala in the absence of any reflex action, except in 
so far as the glands of Drosera, wht-n excited from a 
distance, send back some influence which causes the 
contents of the cells to become aggregated down to the 
bases of the tentacles. But the grea,test Inferiority of 
all is the absence of a central organ, able to receive 
impressions from all points, to transmit their effects 
in any definite direction, to atoro them np and repro- 
dnce them. 
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After 4 hiB, 20 m, there waa decided incnrvation, wliicb in- 
CFuased a littlo during the aftemoon, but was in the same e\&te 
on the following morning. Near the apei both marginH were 
inwardly curved. I hare never seen a case of the apex itself 
iMing in the least carved towards the base of the leaf. After 
4a hrs, (always reckoning from the time when the flies were 
placed on the leaf) the margin had everywhere liogun to unfold. 

ilxjifi imrtit 4. — A large fragmunt of a fiy was placed on a leaf, 
in a medial line, a little beneath the apes. Both lateral max- 
fiins were perceptibly incurved in 3 hrs., and after 4 hrs.^ m. 
t« Buch a degree that the fragment was clasped by both margins, 
A ftcr 24 bra. the two infolded edges near the apex (for the lower 
part of the leaf was nut at all affected) were measured and 
found to be 11 of an inch (2795 mm.) apart. The fly was now 
romoTcd, and a stream of water poured over the leaf so aa to 
wash the surface; and after 24 hrs. the margins were '25 of an 
inch (GMi) mm.) apart, so that they were lar^Iy unfolded. After 
an addilional 21 hrs. they were completely unfolded. Another 
fly was now put on the same spot to see whether this leaf, on 
which the iirtit fly had been left !U brs., would move again ; 
after 10 hxR. there was a trace of incurvation, but this did not 
increase during the next 24 lira. A bit of meat was also placed 
on the margin of a leaf, which four days previously had becomo 
strongly incurved over a fragment of a fly and had aftkrwarda 
re-eipandod ; but the meat did not cause oTen a trace of incur- 
vation. On the contrary, the margin became somewhat reflexed, 
as if injured, and so remained for the three following 'days, as 
long as it was observed. 

Ejprriment 5. — A large fragment of a fly was placed halfway 
between the apex and base of a leaf and halfway between the 
midrib and one margin. A short space of tliis margin, opposite 
the fly, showed a trace of incurvation after 3 hrs., and this 
became strongly pronounced iu 7 lirs. After 34 hrs. the infolded 
edge was only 10 of an inch (4'064 ram,) fi-om the midrib. 
The morgm now began to unfold, though the fly was left on tho 
leaf; so that by tiio next morning (i.e. 48 hrs. from the lime 
when the fly was first put on) tho infolded edge had almost 
completely recovered its original position, being now *3 of an 
inch (7-62 mm.J, instead of -IG of an inch, from the midrib. 
A trace of flexure was, however, still visible. 

Experiment 6. — A young and concave leaf was selected with 
its margins slightly and naturally incurved. Two rather largo, 
oblong, rectangular pieces of roost meat were placed with their 
ends touching the infolde<l td^'e, and '46 of an inch (11-68 mm.) 



MOVEMENTa OF THE LEAVES. 



373 



1 OHO another. After 24 hrs. the mnrgin was greatly 
illy incQiTed (see fig. 10) throughout this Kpace. and for 
1 of -12 or -13 of an inch (3*018 or 3302 mm.) ahovo and 
'flcch bit; so that the margin hod been affected over a 
r len^ between the two bits, owing to their conjoint 
"■in beyond them. The hita of meat were too large to 
1 by the margin, but they were tilted up, one of them so 
d almost vertically. After 48 hrs, 
i ■■Tgin was almoEt nnfolded, and tho 
gnnk down. When again csa- 
1 After two days, the margin was quite 
', with the exception of the nala- 
r inflected edge; and ouo of the bits 
ftt, the cud of which had at <irst 
1 the edgo, was now 007 of an inch 
> nun.) distant from it; so that this 
k'bid been pushed thus far across tho 
'sof the leaf. 
tperiiBtnt 7. — A bit of meat was placed 
okiee to the incurved edge of a rather young 
leaf, and after it had re-eipanded, the hit 
waa left lying H of an inch (2-7K5 mm.) 
from the edge. The distance from tho ed^'c 
' to the midrib of tho fully expanded leaf (prnffiiif^io'txijartt) 
wts -35 of an inch (88!) mm.); so that the oi»iin- of lur. ..itb 
lit had been pushed inwards and across Ilfs^™,™"'%uirc'wiB 
newly ono-third of its semi-diameter. or Duit. 

Eieperimenl 8.— Cubes of sponge, soaked in a strong infosion 
of law meat, were placed in close contact with the incurved 
edgea of two leavrs,— an older and youngor one. Tho distance 
6am 4he edges to the midribs was carefully measured. After 

1 hr. 17 m. there appeared to bo a trace of incurvation. After 

2 hrs. 17 m. both leaves were plainly infleclod ; the distance 
between the edges and midribs being now only half what it was 
at flist. Tho incurvation increased slightly during the next 
41 hrs., but remained nearly tho samo for the next 17 hrs. 30 m. 
lu 35 hrs. from the time when tho sponges were placed on the 
leaT ea, the margins were a little unfolded — to a greater degree 

'* younger than in the older leaf. The latter was not quite 

1 until tho third doy, and now both bits of spongo were 

^Uie distance of '1 of an inch (2'64 mm,) from the edges ; 

" of tho distance Ixjtween the edgo and midrib. 

'idhercd to tho edge, and, as tho margin 

^kwards, into its original jKiBition. 
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Experimeni 9. — A chain of fibres of roast mcAt, aa thin aa 
bristles and moistened with saliva, wore placed down one whole 
side, close to the narrow, natumlly incurved edge of a leaf. 
In 3 hre. this Bide was greatlj incurved along its whole length, 
and after 8 hrs. formed a cylinder, about -j^ of an inch (1'27 
mm.) in diameter, quite concealing the meat This cylinder . 
remained closed for 32 hra., hut after 48 hrs. was half Tinfoldod, 
and in 72 hrs. was ns open as the opposite margin where no 
meat had beou placod. As the thin fibros of meat were com- 
pletely OTcrlappod by the margin, they were not pushed at all 
inwards, acroBS the blade. 

Ej-jieriment 10. — Six cabbage seeds, soaked for a night in 
water, were placed in a row close to the narrow incurved edge of 
a leaf. Wo shall hereafter see that these seeds yield soluble 
matter to the glands. In 2 hra. 25 m. the margin waa decidedly 
inflected; in 4 Iirs. it extended over the seeds for about half 
their breadth, and in 7 hrs. over three-fourths of their breadth, 
furmiug a cylinder not quite closed along the inner side, and 
about ■! of an inch (177S mm.) in diameter. After 24 hrs. 
the inflection had not increased, perhaps hod decreased. Tho 
glauds which had been brought into contact with the upper 
surfaces of tko seods wore now secreting freely. In 36 hrs. 
from the time when tho soed-s were put on the leaf the margin 
had greatly, and after 48 hrs. hod completely, r«-expanded. ' 
As the seeds were no longer held by the inflected mantin, and 
as the secretion waa beginning lo fail, they rolled some way 
down the marginal chuuiiel. 

Ej-ptH'iietit 11. — Frngmcnts of glass wore placed on tho 
margins of two fine young leaves. After 2 hrs. 30 m. the 
margin of one ccrlainly became slightly incurved; but the 
inflection nerer increosed. and disappeared in 16 hrs.. 30 m. 
from tho time when the fragments wore first applied. With the 
second leaf there was a trace of iucnrvution iu 2 hrs. 15 iil, 
which became decided in i hrs. 30 ra., and still more strongly 
pronounced in 7 hrs., but after 19 hrs. 30 m. had phinly 
decreased. The fragments excited at most a slight and donbtiul 
increase of the secretion ; and in two other trials, no increase 
could be perceived. Bits of coal-cinders, placed on a leaf, pro- 
duced no effect, either owing to their lightness or to tho leaf 
being torpid. 

Kxperimenl 12. — We will now turn to fluids. A row of drOfH 
of a strong infusion of raw meat were placed along the margins 
of two leaves; squares of sponge soaked in the aamo infusioo 
being placod on tho opixisite margins. My object was to ascer- 
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tain whether a fluid would act as energelieallj aH o substanco 
yielding the same soluble matter to tlio glands. No distiDCt 
diflerence was perceptiLlo ; certainty none is the degree of in- 
cnrratioD ; but the incurvation round the bits of sponge lasted 
rather longer, as might perhaps have been expectt^d from iht 
Bpongo remaining damp and Buppljing nitrogenous matter for a 
longer time. The margins, with the drops, became plainly 
inenrred in 2 hrs. 17 m. The incurvation sulisequently increoatd 
somewhat, bnt after 24 hrs. had greatly decreased. 

Exjitrimatt 13. — Drops of tlio same Blroog infusion of raw 
meat were placed along the midrib of a young and rather deeply 
ooacaTe leaf. The distance across the broadi^st part of the leaf, 
between the naturally incnrved edges, was '55 of an inch (1397 
mm.). In 3 hrs. 27 m. this distance was a trace less ; in 6 hrs. 
27 m. it was exactly '45 of an iiich(ll'43mm,), and had therefore 
decreased by ■! of an inch (2M mm.). After only 10 hrs. 37 m. 
the margin began to re-expand, for the distance from edge to 
edge was now a trace wider, and after 21 hrs. 20 m. was as 
great, within a hair's breadth, as when the drops wore first 
placed on the leaf. From this experiment we leam that the 
motor impulse can be transmitted to a distance of '22 of an 
inch (5'590 ram.) in a transversa direction from the midrib to 
both margins; but it would be safer to say 2 of an inch 
(SOB mm.), as the drops spread a little beyond the midrib. 
The incnrration thus caused lasted for an lumsually short tine. 

Experimetd 14.— Three drops of a solution of one part of 
carbonate of ammonia to 218 of water (Q grs. to 1 oz.) wero 
placed on the margin of a leaf. These excitod so mnch secretion 
that in 1 h. 22 m. all three drop-s ran together; but although the 
leaf waa observed for 24 hrs., there was no trace of inflection. 
We know that a rather strong solution of this salt, though it 
does not injure the leaves of Droscra, paralyses their power of 
movement, and I havo no douht, from the following case, that 
this holds good with Pinguicula. 

Experiment 15.— A row of drops of a solution of one part ol 
carbonate of ammonia to 875 of water (1 gr. to 2 oz.) was placod 
on the margin of a leaf. In 1 hr, there was apparently some 
slight incurvatjon, and this was well marked in 3 hrs. 30 m. 
After 24 hrs. the margin was almost completely ro-oipandcd. 

Experiment 16. ^A row of lai^o drops of a solution of one 
part of phosphate of ammonia to 4375 of water (1 gr. to 10 on.) 
was placed along the margin of a Itaf. No effect was produced, 
and after 8 hrs. fresh drops were added along the same margin 
without the least effect. Wo know that a solution of tliig 
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strength acts powerfully on DroBcm, and it is joat possible that 
the solution was too strong. I regrot that I did not tr; a weaker 
solution. 

Experiment 17. — Ab the pressure from bits of glass cansee 
incurvation, I scratched the margins of two leaves for some 
minulca with a blunt needle, but no effect was produced. The 
surface of a leaf beneath a drop of a strong infusion of raw 
meat was also rubbed for 10. m. with the end of a brislle, 
BO aa to imilnle the strugglea of a captured insect; but this 
)mrt of tlie margin did not bend sooner than the other puts 
with nodiBturbed drops of the infusion. 



We leam from tlie foregoing experiments that the 
ranrgina of the leaves curl inwards when excited by 
the mere pressure of olijects not yielding any soluble 
matter, by objects yielding such matter, and by some 
fluids — namely an infusion of raw moat and a weak 
solution of carbonate of ammonia. A stronger solu- 
tion of two grains of tliis salt to an ounce of water, 
though exciting copious secretion, paralyses the leafl 
Drops of water and of a solution of sugar or gum did not 
ciiuso any movement. Scratching the surface of the 
leaf for some minutes produced no eflect. Therefore, 
as far as we at present know, only two causes—namely 
slight continued pressure and the absorption of nitro- 
genoua matter — excite movement. It is only the 
margins of the leaf which Lend, for the apex never 
curves towards the base. The pedicels of the glan> 
dular hairs have no power of movement. I observed 
on several occasions that the surface of the leaf be- 
came slightly concave where bits of meat or large 
flies had long lain, but this may have been due to 
Injury from over-stimulation. 

The shortest time in which plainly marked move- 
ment was observed was 2 hrs. 17 m., and this occurred 
when either nitrogenous substances or fluids were 
placed on the leaves ; but I believe that in some casea 
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there was a trace of movement in 1 hr. or 1 hr. 30 m. 
The pressure from fragments of gliiss csoitea move- 
ment almost as quickly as the absorption of nitro- 
genous matter, but the degree of incurvation thus 
caused is much less. After a leaf has become well 
incnrred and has again expanded, it will not soon 
snsver to a fresh stimulus. The margin was afiected 
longitudinally, upwards or downwards, for a distance of 
•13 of au inch (3-302 mm.) from an excited point, but 
for a distance of ■•16 of an inch between two excited 
points, -and transversely for a distance of '2 of an 
inch (5'08 mm.). The motor impulse is not accom- 
panied, as in the case of Drosera, by any influence 
causing increased secretion; for when a single gland 
was strongly stimulated and secreted copiously, the 
surrounding glands were not in the least affected. 
The incurvation of the margin is independent of in- 
creased secretion, for fragments of glass cause little 
or no secretion, and yet excite movement ; whereas 
a strong solution of carbonate of ammonia quickly 
excites copious secretion, hut no movement. 

One of the most curious Im-.ts with respect to the 
movement of the leaves is the short time during which 
they remain incurved, although the exciting object is 
left on them. In the majority of cases there was well- 
marked re-expansion within 24 hrs. from the time 
when even large pieces of meat, itc, were placed on 
the leaves, and in all cases within 48 hrs. In ono 
instance the margin of a leaf remained for 32 hrs, 
closely in0ectcd round thin fibres of meat ; in another 
instance, when a bit of sponge, soaked in a strong in- 
fusion of raw meat, had been applied to n leaf, the 
margin began to unfold in 35 hrs. Fragments of glass 
keep the margin incurved for a shorter time than do 
nitrogenous bodies ; for in the former case there was 



878 PINGUICULA VDLGAEIS. Ohap. XVL 

complete re-expansion in 16 hrs. 30 m. Nitrogenous 
fluids act for a shorter time than nitrogenous sub- 
stances ; thus, when drops of an infusion of raw meat 
wero placed on the midrib of a leaf, the incurved 
margins began to unfold in only 10 hrs. 37 m., and 
this was the quickest act of re-expansion observed by 
me; but it may have been partly due to the distance 
of the margins from the midrib where the drops lay, 

We are naturally led to inquire what is the use of 
this movement which lasts for so short a time ? If 
very small objects, such as fibres of meat, or moderately 
small objects, such as little flies or cabbage-seeds, are 
placed close to the margin, they are either completely 
or partially embraced by it. The gknds of the over- 
lapping margin are thus brought into contact with 
such objects and pour forth their secretion, afterwards 
absorbing the digested matter. Butas the incurvation 
lasts for so short a time, any such benefit can be of 
only slight importance, yet perhaps greater than at 
first appears. 'The plant lives in humid districts, and 
the insects which adhere to all parts of the leaf are 
washed by every heavy shower of rain into the narrow 
channel formed by the naturally incurved edges. For 
instance, my friend in North Wales placed several 
insects on some leaves, and two days afterwards (there 
having been heavy rain in the interval) found some of 
them quite washed away, and many others safely 
tucked imdcr tbo now closely inflected margins, the 
glands of which all round the insects were no doabt 
secreting. We can thus, also, understand how it is 
that so many insects, and fragments of insects, are 
generally found lying within the incurved margins 
of the leaves. 

The incnrvation of the margin, due to the presence 
of an exciting object, mnst be serviceable in another 
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and probably more important way. Wo have seen 
that when large bits of meat, or of sponge soaked 
in the juice of meat, were placed on a leaf, the margin 
was not able to embrace them, but, as it became 
incurved, pushed them very sloivly towards the middle 
of the leiri', to a distance from the outside of fully 
■1 of an inch (2-54 mm.), that is, acrosa between 
one-third and one-fourth of the space between the 
edge and midrib. Any object, such as a moderately 
aized insect, would thus bo brought slowly into contact 
with a far hirger number of glands, inducing much 
more secretion and absorption, than would otherwise 
have been the case. That this would be highly ser- 
viceable to the plant, we may infer from the fact that 
Drosera has acquired highly developed powers of move- 
ment, merely for the sake of bringing all its glands 
into contact with captured insects. So again, after 
a leaf of Diontca has caught an insect, the slow 
pressing together of the two lobes serves merely to 
bring the glanda on both sides into contact with it, 
causing also the secretion charged with animal matter 
to spread by capillary attraction over the whole sur- 
face. In the case of I'inguicula, as soon as an insect 
has been pushed for some little distance towards the 
midrib, immediate re-espansion would be beneficial, as 
the margins could not ciipture fresh prey until they 
were unfolded. The service rendered by this pushing 
action, as well aa that from the marginal glanils being 
brought into contact for a short tijne with the upper 
surfaces of minute captured insects, may perhaps 
account for the peculiar movements of the loaves ; 
otherwise, we must look at those movements as a 
remnant of a more highly developed power formerly 
possessed by the progenitors of the genus. 

In the four British species, and, as I hear from 
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Prof. Dyer, in most or all the species of the genus, 
the edges of the leaves are iu some degree naturally 
aud permanently incnrved. Thia incurvation serves, 
as already shown, to prevent insects from being 
washed away by the rain ; but it likewise serves for 
another end. When a number of glands- have been 
puHerfulIy excited by bits of meat, insects, or any other 
stimulus, the secretion often trickles down the leaf, 
and is caught by the incurved edges, instead of rolling 
off and being lost. As it runs down the channel, fresh 
glands are ablo to absorb the animal matter held in 
solution. Moreover, the secretion often collects in 
little pools within the channel, or in tho spoon-like 
tips of the loaves ; and I ascertained that bits of albu- 
men, fibrin, and gluten, ttie here dissolved more 
quickly and completely than on the surface of the 
leaf, where the secretion cannot accumulate; and so 
it would bo with naturally caught insects. The secre- 
tion was repeatedly seen thus to collect on the leaves 
of plants protected from the rain ; and with exposed 
plants there would be still greater need of some pro- 
vision to prevent, as for as possible, the secretion, with 
its dissolved animal matter, being wholly lost. 

It has already been remarked that plants growing 
in a state of nature have the margins of their leaves 
much more strongly incun-ed than those grown in 
pota and prevented from catching many insects. We 
have seen that insects washed down by tho rain from 
all parts of the leaf often lodge within the margins, 
which are thus excited to curl farther inwards; and 
we may suspect that this action, many times repeated 
during the life of the plant, leads to their permanent 
and well-marked incurvation. I regret that this view 
did not occur to me in time to test its truth. 

It may here be added, though not immediately 
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bearing on our subject, tliat when a plant is pulled 
np, the leaves immediately curl duMiiwarila so as 
almost to conceal the roots, — a tact which has bet;u 
noticed by many persons. I suppose that this is duo 
to the same tendency which causes Ihe outer and older 
leaves to lie flat on the ground. It further ajipcars 
that the fiower-stalka are to a certain extent irritable, 
for Dr. Johnson states that they " bend backwards if 
rudely handled." * 

Secretion, Absorption, and ingestion.— I will first give 
my observations and experiments, and thtn a summary 
of the results. 



The Effedt of OhJerJs containing Soluble NUrogmoui Matter. 

(1) Flirt were placed oa maay leaves, anil cseitcd tlie Rlands 
tosecrete copiously ; the Eecrction alwajB becoming acid, tliough 
not so before. After a time thcue insects were renJcred so 
tender that tboir limbs and bodies could he Ecjuirated by a 
mere toach, owing no donht to the digestion and diEiutegratioR 
of their mnBcles. The glands in contact with a email fiy con- 
tinued to secrete Tor four days, and then became almost dry. 
A narrow strip of this luaf was cut off, and the glands of tlio 
longer and shorter hairs, which had lain iu contact for tho 
tour days with tho fly, and those which had not touched it, 
were compared under the microscope and presented a won- 
derfol contraat Those which had ixjea in contact were filled 
with brownish gronular matter, the others with homofrenoous 
fluid. There could therefiiro bo no doubt that tho former had 
absorbed matter from the fly. 

(2) Small bits ot road meat, placed on a leaf, always caueed 
EDQcb acid secretion in tho course of a few hours — in one aaa 
within 40 m. When thin fibres of meat were laid along the 
margia of a leaf which stood almost upright, the secretion rtin 
down to the ground. Angular bits of meat, placed in little 
pools of the secretion near tlio margin, were in the couree of 
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two or Uiree dajB mnch reduced in eizc, nranded, rendered 
more or less colourless and transparent, and bo much Gofl^ntd 
tUat tbo; fell to pieces on the slightest touch. In oni; one 
iustance was a Tcry minute particle compictelj dissolved, and 
this occurred within 48 hrs. When only a small amonnt of 
secretion was escited, this was generally absorbed in from '24 hrs. 
to 48 hrs. ; the glands being left dry. But when the supply ot 
secretion was copious, round either ft single rather ini^ Lit of 
meat, or round seventl small bitR, the glands did not become 
dry nntil six or seTon days had elnpsed. The most rapid case 
of absorption observed by me was when a small drop of an 
infusion of raw meat was placed on a leaf, for the glands here 
became almost drj in 3 hrs. 20 m. Glands excited by small 
particles of meat, and which have quickly absorbed their own 
secretion, begin to secrete again in the course of seven or eight 
days from the time when the meat was given them. 

(3) Throe minute culjes of tongh eartilage from the leg-bone 
of a sheep were laid on a leaf. After 10 hrs. 30 m. some uid 
secretion was excited, but the cartilage appeared little or not at 
all affected. After 24 hrs. the ciibe« were rounded and much 
reduced in size ; after S2 hrs. tliey were softened to the centre, 
and one was quite liquefied; after 35 hrs. mere traces of solid 
cartilage were left ; and after 48 hrs. a trace could still be seen 
through a lens in only one of the three. After 82 hrs. not 
only were all three cubes completely liquefied, but all the secre- 
tion was absorbed and the glands left dry. 

(4) Small cubes of alhumrn wore placed on a leaf; in 8 hrs. 
feebly acid secretion extended to a distance of nearly -j^ of an 
inch round them, and the angles of one cube were rounded. 
After 24 hrs. the angles of all the cubes were rounded, and 
they were rendered thronghout very tender ; after 30 hrs. the 
secretion began to decrease, and after 48 hrs. the glands were 
left dry ; but very minute bits of albumen were still left 
undissolved. 

(5) Smaller cubes of albumen (al>oat -,'0 or ^ of an inch, 
■508or -423 mm.) were placed on four glands; after 18 hrs. ono 
cube was completely dissolved, the others being much reduced 
in size, softened, and transparent After 24 hrs. two of the 
cubes were completely dissolved, and already the secretion on 
these glands was almost wholly absorbed. After 42 hrs. the 
two other cubes were completely dissolved. Those four glands 
began to secrete again after eight or nine days. 

(6) Two large cubes oialbumm (fully ^ of an inch, 1-27 mm.) 
were placed, onp near the midrib and the other near Uie mnrgiTi 
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of K leftf 1 ia 6 hrs. there was mnch secretion, which after 48 hrs. 
aoouiiiiilated in a little pool round the cube near the margin. 
This cnbo was much more dissolved than that on the blade of 
the leaf; so that after tbrc« days it was greatly reduced in eize, 
with all the angles rounded, but it was too large to be wholly 
diseoWed. The Eecretion was partially sbeorbcd after four daya. 
The cube on the blade was much less reduced, and the glands 
on which it restod began to dry after only two days. 

(7) Fibrin excites less secretion than does meat or albumen. 
Several trials were mode, but I will give only three of them. 
Two minute shreds were placed on some glands, and in 3 hrs. 
45 m. their secretion was plainly increased. The smaller shred 
of the two was completely liquefled in G hrs. lo m., and the other 
in a hrs. ; but even after i^ hrs. a few granules of fibrin could 
still be seen throogh a lens floating in ^oth droi>a of secrctioD. 
After 66 hts. 30 m. these granules were completely dissolved. 
A third shred was placed in a little pool of secrelion, within 
the mai^n of a leaf where a seed had been lying, and this 
was comjiletely dissolved in the course of 15 hre. 3U m, 

(8) Five very small bits of ijh'lfn were placed oil a leaf, and 
they excited so mnch secretion that one of tho bits glided 
down into the marginal furrow. After a day all Svo bite seemed 
much reduced in size, but none were wholly dissolved. On tho 
third day I pushed two of them, which had liegun to dry, oa 
to fresh glands. On the fourth day undissolved traces of three 
out of the five bits could still be detected, tho other two having 
quit« disappeared; but I am doubtful whether tliey had really 
been complcttly diasolved. Two fresh bits were now placed, 
one near the middle and the other near tho margin of another 
leaf; both excited an extraordinary amount of si^crotion ; that 
near the margin had a little pool formed rouvd it, and was 
much more reduced in size than that on tho blade, hut after 
four days was not completely dissolved. Qluten, therefore, 
excites the glands greatly, but is dissolved with much difficulty, 
exactly as in the case of Broscra. I regret that I did not try 
this Bulistanoo after having been immersed in weak hydrochloric 
add, as it would then probably have been c[uickly dissolved. 

(9) A small square thin piece of pure gdaline, moistened 
with water, was placed on a leaf, and excited very little secre- 
tion in 5 hrs. 30 m., but later in the day a greater amount. 
After 24 his. the whole square was completely liquefied; and 
this would not have occurred had it been left in water. Tho 
liquid was acid. 

(lOj Small particles of chemically prepared canein excited 
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ftcid secretion, but were not qnite dissolved after two dnjs; and 
the gliLndu thi:n bc^n to dry. Nor could their complete diB- 
wilution ha\o been expected from what we have seen with 
Drosera, 

(11) Miniito droxa of skimmed milk were placed oa a loaf, and 
these caused the glands to secrete freely. After 8 hrs. the milk 
was found curdled, and after 23 hrn. the curds were diBsolved. 
On placing the now clear drops under the microscope, nothing 
could be detected except some oil-glohulea. The eecretion, 
therefore, dissolves fresh casein. 

(12) Two fragments of a leaf were immersed for 17 hra., 
ench in a drnchm of a solution of c-irhimate of ammonia, of two 
strent^hs, namely of one part to 437 and 218 of water. The 
glands of the longer and ahorter haira were then examined, and 
their contents found ^aggregated into granular matter of ■ 
brownish-green colour. These granular masses were seen by 
my son slowly to change their forms, and no doubt consisted of 
]irotopliisni. The aggregation was more strongly pronounced, 
and the moTements of the prolopladm more rapid, within the 
glauds subjected to the atrongcr solution than in the others. 
The experiment was repeated with the same result ; and on 
this occasion I observed that the protoplasm had shrunk a Lttle 
from the walls of the single elongated ceHs forming the pedicels. 
In order to observe the process of aggregation, a narrow strip 
of leaf was laid edfjcways under the microscope, and the glands 
were seen to be quite transparent ; a little of the stronger aolu- 
tion (viz. one part to 218 of water) was now added under the 
covering glass ; after an hour or two the glands contained very. 
fine granular matter, * which slowly became coarsely granular 
and slightly opaque ; but oven after 5 hra. not as yet of a 
brownish tint. By this time a few rather large, transparent, 
gltibular mosses appeared within the npper ends of the pedicels, 
and the protoplasm lining their walls had shrunk a little. It 
is thus evident that the glands of Finguicnta absorb cartx>nato 
of ommonia; but they do not absorb it, or are not acted on by 
it, nearly so quickly as those of Drosera. 

(13) Little Dinssea of the orange -coloured pollen of the 
common pea, placed on several leaves, excited the glands to 
secrete freely. Even a very few grains which accidentally fell 
on a single gland caused the drop surrounding it to increase so 
much in size, in 23 hrs., as to be manifestly larger than the 
drops on the adjoining glands. Grains subjected to the secretion 
for iB hrs. did not emit their tubes; they were qnite dis- 
coloured, and seemed to contain less matter than before; that 
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which wM led being of a dirty colour, including globules of oil. 
Tbej thus diflered in appearance from other grains kept in 
wnter for the same length of time. The glands in contact with 
the pollen-graina had evident!; abfiorlied matt<;r from thom ; for 
thcf had lost their natural pAle-green tint, and contained aggre- 
gated globular maisofl of protoplasm. 

(14) Square bits of the IcaTes of Hpinach, cabbage, and a 
Baiifrage, and the entire leaves of iViVa uiralii, all excited the 
glands to increased secretion. The spinach was the moat vSe.a- 
tiTe, for it ransed the aecretioa evidentlf to increaKC in 1 hr. 
40 m., and ultimately to rnn some way down the leaf; but the 
glands soon began to dry, viz. after 35 hrs. The leavcx of Eriea 
kiralix began fo act in 7 hra. iJO m., hut never caused ranch 
secretion; nor did the bits of leaf of the soxirrage, though in 
this case the glands continned to aeereto fur Kevcn dajH. Some 
leaves of Pinguicula were sent me from Nurtb Wales, to which 
leaveti of Eriai tetritlix and of an unknown plant adhered ; and 
the glands in contact with them had their contents plainly 
aggregated, as if they hod been in conlact with insectfl; whilst 
the other glands on the same leaves contained only clear 
homogeneons Suid. 

(15) Stedn. — ^A con.'fiderabic nnmlter of Kccds or fruifa se- 
lected by hazard, some fresh and some a year old, some soaked 
for a short time in water and some not soaked, were trie<L Tlie 
lea following kinds, namely cabbage, radish, Aitenwae nemo- 
rom, Humrx aeetma, Curex sylvutiat, mustard, turnip, cress, 
Hanancul'ii arris, and Avena puh-tcan, all excited much secrff- 
tion, whicS was in several cases tested and found always acid. 
The five first-named seeds excited the glands more than the 
others. The secretion was «4dom copious until alwiit "iA hrs. 
had elapsed, no doubt owing to t)ie eaate of the seeds not being 
easily permeable. Nevertheltst, eablnge seeds excited some 
secretion in 4 hrs. 30 ra. ; and this inercascd so much in 18 hrs. 
as to run down the leaves. The seeds or properly the fruits of 
Carex are much oftencr found adhering to laaves in a state of 
nature than those of any other genus ; and the fruits of Carex 
syloaiira excited so much sucTotion that in li> hrs. it ran into 
the incnrvod edges ; but tlio glands ceased to secrete after 
40 hrs. On the other hand, the glands on which tlie seeda 
of the Kumex and Avena rested eonliuued to sccroto for nine 

The nine following kinds of seeda excited only a xlight 
amount of secretion, namely celery, parsnip, caraway, Linum 
grandiJluTum, Casein, Tri/Uium j«iniio„icum, I'lanlagii, onion. 
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and Bromtie. Jlost of these eoeds did not excite any secrctioa 
until 48 tirs. h^ elapsed, and in the cbko of the Ttifolinin only 
□uc Eeed acted, and this not until the thiiU dny. Although the 
seeds of the I'lftntago eicited Tery little Hoctetion, tlie glands 
continued to secrete for six days. Lastly, the five following 
tindB excited no accretion, though left on the leaves for two 
or three days, namely lettuce, Erira lelralix, AlrJplex hmlntMi; 
Fhalurii canarieiisit, and wheat. Heverthelefis, when the Eeeds 
of the lettuce, wheat, and Atriplei were split open and applied 
to leaves, sccretioii was excited in considerable quantity in 
10 hrs., and I boheve that some was eicit«d in sif bouts. In 
the case of the Atriplez the Bccrotion ran down to the mai^in, 
and after 31 lira. 1 speak of it in my notes " as immense in 
quantity and acid.'' The split seeds also of the Trifolium and 
celery acted xtowerfully and quickly, though the whole seeds 
caused, as we have seen, very Uttle secretion, and only after & 
long interval of time, A slice of the common pea, which how- 
ever was not tried whole, caused secretion in 2 hrs. From 
these facts wo may conc1a<le that the great difference in the 
degree and rale at which various kinds of seeds excite secre- 
tion, ia chiefly or wholly duo to the diifcrent permeability 
of Iheir coats. 

Some thin slices of the common pea, which had been pre- 
viously soaked for 1 hr. in water, were placed on a leaf, and 
quickly oicited much acid socretion. After 24 hrs. those slicea 
were compared under a high jwwer with others loft ia water 
for the same time ; the latter contained so many fine granules 
of legumin that the slide was rendered muddy ; whereas the 
slices which had been subjected to the secretion were much 
cleaner and more transparent, the (tranulcs of icpumin appa- 
rently having been dis-solved. A cabliage seed which had lain 
for two days on a leaf and had excited much acid secretiun, 
was cut into slices, and tlieRO were compared with those of 
a seed which had been left for the same time in water. Thooe 
subjected to the secretion wore of a ptilec colour ; their coata 
presenting the greaiest differences, for they were of a pale dirty 
tint instead of cht«tnut-brown. The glands on which the 
cabbage seeds bait related, as well as those tuithcd by the sur- 
rounding seerction, differed greatly in appearance from the other 
glands on the same leaf, for they all contained brownish granular 
matter, proving that they had absorbed matter from the seeds. 

That the secrotion acts on the seeds was also shown by some 
of them being killed, or by the seedlings being injured. Fourteen 
cabbage seeds were left for three days on leaves and excited 



Chap. XVL SEOBETIOH, ABSOBPTION, DIGESTION. 387 

much secretion; thej were then placed od damp sand under 
conditions kDowQ to be favourable for gurmiiiatioD. Three 
never germinatod, and this wan a far larger proportiun of dcnths 
than occtuTod with eeeds of the same lot, whieh had not been 
8nb)ect«d to the secretion, but were otherwise treated in the 
same manner. Of the eleven Eeedlings raised, three hud the 
edges of their cotyledons slightly browned, as if scorched; and 
the cotyledons of one grew into a curious indented shape. Two 
mustard seeds germinated; but their cotyledons were marked 
with brown patches and their radicles deformed. Of two radish 
aeeda, neither germinated; whereas of many eeods of the same 
lot not subjected to the secretion, all, excepting one, germinated. 
Of the two Rumcx seeds, one died and the other gorminnted ; 
but its radicle was brown and soon withered. Both seeds of the 
Avena germinated, one grew well, the other had its raiiicle brown 
and withered. Of six seeds of the Erica none germinated, and 
when cut open after having been left for five months on damp 
Band, one alone seemed alive. Twenty-two seeds of various 
kinds were found adhering to the leaves of plants growing in a 
state of nature ; and of these, though kept for five months on 
damp sand, nono germinated, some being then evidently dead. 

The Effects of Qljecti not contn'nini/ Suliihle Nilroijmniit Matter. 

(16) It has already been shown that bils of glass, placed on 
leaves, excite little or no secretion. The small amount which 
lay beneath the fragments was tested and found not acid. A 
bit of wood excited no secretion ; nor did the several kinds of 
seeds of which the coats ore not permeable to the secretion, and 
which, therefore, acted like inorganic Iwdies. Cubes of fat, loft 
for two days on a leaf, produced no effect. 

(17) A particle of white »".'/i;r, placed on a leaf, formed in 
1 hr. 10 m. a large drop of fluid, which in the course of 2 
additional hours ran don's into the naturally inflected margin. 
This fluid was not in the least acid, and began to dry up, or 
more probably was absorbed, in 5 hrs. 30 m. The experiment 
was repeated ; particles being placed on a leaf, and others of 
the same size on a slip of glass in a moistened state ; both being 
covered by a bell-glass. This waa done to see whether the 
increased amount of fluid on the leaves could be due to mere 
leliquescenco ; but this was proved not to bo the case. The 
particle on tlie leaf caused so much secretion that in the course 
of 4 hrs. it ran down aero-B two-thirds of the leaf After 8 hrs. 
the leaf, which was concave, was actually filled with very viscid 
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fluid ; and it particularly deeerres notice that this, as on the 
fnrmer occusioij, wob not in the least acid. This great amount 
of secretion may be attributed to exosmose. 'The gtandii which 
had been covered for 24 hrs. bj this fltiid did not differ, when 
enaniined under the microscope, from others on the Eome leaf, 
wliich had not come into contact with it This ie an interesting 
fact in contrast with tlie invariably Bfigrogaled condition of 
glands whii:h have been bathed by the secretion, when holding 
animal matter in ftolutiun. 

(18) Two particles of gum arahie were placed on a leaf, and 
they certainly caused in 1 hr. 20 m. a Blight increase of secretion. 
This cotitinueil to increase for the next 6 hie., that is for as 
looK a time as the leaf was oliscrvcd. 

(19) Sii small particles of dry 'turch of commerce were placed 
on A leaf, and one of these caused some secretion in 1 hr. 15 m., 
and the others in from S hrs. to 9 hre. The glftDds which had thnu 
boon excited to sccrote rood became dry, and did not begin to 

' secrete a^n until the sixth day. A lor^^r bit of starch was 
then placed on a leaf, and no secretion was excited in 5 hrs. 
30 m. ; but after 8 hrs. there was a considerable supply, which 
increased so much in 24 hrs. as to mn down the leaf to the 
distance of J of an inch. This secretion, thoueh so abundant, 
was not in the least acid. As it was so copiously excited, 
and as seeds not rarely adhere to the Inaves of natorally 
growing plants, it occurred to me that the glands might 
perhaps have the power of secreting a ferment, like ptyaline, 
capable of dissolving starch ; so I carefully observed the above 
six small particles during several days, hut they did not seem 
in the least reduced in bulk. A particic was also left for two 
days in a little pool of secretion, wlu'ch had run down frran a 
piece of spinach leaf ; but although the jiarticlB was so minoto 
no diminution was perceptible. We may therefore conclude 
that (ho secretion cannot diBSolve starch. The increase caused 
by this substance may, I presume, be attributed to eiosniose. 
But I am surprised that starch acted so quickly and powerfully 
OS it did, though in a less degree than sugar. Ckilloids arc knoifn 
to possess some slight powi;r of dialysis ; and on placing the 
leaves of a Primula in water, and others in syrup and diffused 
starch, those in the sfnrch l>eciLTiio flaccid, but to a less degree 
and at a much slower rate than tlio leaves in the sjrup; those in 
wat«r remaining all the time crisp. 



1 the foregoing experiments and obsorvationa we 
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see that objects not containiDg soluble matter have 
little or no power of exciting the glands to secrute. 
Non-nitrogenous fluida, if dense, cauao the glands to 
pi.iir forth a large supply of viscid fluid, but this ia 
not in the least acid. On the other hand, the secre- 
tion from glands excited by contact wilh nitrogeuouB 
#>lids or liquids is invariably acid, and is so copious 
that it often runs down the leaves and collects 
within the naturally incurved margins. The secre- 
tion in this state has the power of quickly dissolving, 
that is of digesting, the muscles of insects, meat, 
cartilage, albumen, fibrin, gelatine, and cast-in as 
it exists in the curds of milk. The glands are 
strongly excited by chemically prepared casein mid 
gluten; but these substances (the latter not having 
been soaked in weak hydrochloric acid) are only 
partially dissolved, as was likewise the case with 
Drosera. The secretion, when containing animal 
matter in solution, whether derived from solids 
or from liquids, such as an infusion of raw meat, 
milk, or a weak solution of carbonate of ammonia, 
is quickly absorbed ; and the glands, which wore 
beforelimpidanJofagreenish colour, become brownish 
and contain masses of agfp-egated granular matter. 
This matter, from its spontaneous movements, no doubt 
tM)nsists of protoplasm. No such effect is profluced 
by the action of non-nitrogenous fluids. After tho 
glands have been excited to secrete freely, they cease 
for a time to secrete, but begin again in the course of 
a few days. 

Glands in contact with pollen, the leaves of other 
plants, and various kinds of seeds, pour forth much 
acid secretion, and afterwards absorb matter probably 
of an albuminous nature from them. Nor can the 
benefit thus derived be insignificant, fur a considerable 
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amount of pollen must be bloivn from tlie many 
wind-fertilised carlcea, grasses, &c., growing where 
Pinguicula lives, on to the leaves thickly covered with 
viscid glands and forming liirge rosettes. Even a few 
grains of pollen on a single gland causes it to 
secrete copiously. We have also seen how fre- 
quently the small leaves of Erica tetrdtix and of 
other plants, as well a3 various kinds of seeds and 
fruits, especially of Carex, adhere to the leaves. One 
leaf of the I'iiiguicula had caught ten of the little 
leaves of the Erica ; and three leaves on the some 
plant had each caught a seed. Seeds subjected 
to the action of the secretion are sometimes killed, 
or the seedlings injured. We may, therefore, con- 
clude that Pinguwtla vulgaris, with its small roota, 
is not only supported to a large extent by the extra- 
ordinary number of insects which it habitually ca^ 
tures, but likewise draws some nourishment from the 
pollen, leaves, and seeds of other plants which often 
adhere to its leaves. It is therefore partly a vegetable 
as well OS an animal feeder. 

Pinguicula qrandiflora. 
This species is so closely allied to the last that it is 
ranked by Dr. Hooker as a sub-species. It differs 
chiefly in the larger size of its leaves, and in the 
glandular hairs near the basal part of the midrib 
being longer. But it likewise differs in constitution; 
I hear from Jlr. Uiilfs, who was so kind as to send 
me plants from Cornwall, tiiat it grows in rather 
different sites; and Dr. Bloore, of the Glasnevin 
Botanic Gardens, informs me that it is much more 
manageable iinder culture, growing freely and flower- 
ing annually; whilst Pinguicula vulgaris has to be 
renewed every year, BIr. Ralfs found numerous 
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insects and fragments of insects adhering to almost all 
the leaves. These consisted oliiefly of Diptem, with 
some Hymenoptera, Homoptera, Coleoptera, and a 
moth. On one leaf there were nine dead insects, 
besides a few still alive. He also obserycJ a few fruits 
of Carex pvlusaris, as well as the seeds of this same 
Pinguicnla, adhering to the leaves. I tried only two 
experiments with this species ; firstly, a fly was placed 
near the margin of a leaf, and after 16 hrs. this was 
found well inflected, Seeondly, several small flies wero 
placed in a row along one margin of another leaf, and 
by the next morning this whole margin was curled 
inwards, exactly as in the case of Pinguicala vuhjarie. 

PlNGUlCDLA LUSITASICA. 

This species, of which living BpecimiMis were sent me 
by Mr, lialfs from Cornwall, is very distinct fi-om the 
two foregoing ones. The leaves are rather smnllet, 
mnch naore transparent, and are marked with purple 
branching veins. The margins of the leaves are much 
more involuted ; those of the older ones extending 
over a third of the space between the midrib and the 
outside. As in the two other species, tb^ glandular 
hairs consist of longer and shorter ones, and have the 
same structure ; but the glands differ in being purple, 
and in often containing granular matter before they 
have been excited. In the lower part of the leaf, almost 
half the space on each side between the midrib and 
margin is destitute of glands ; these being replaced by 
long, rather stifle, multicellular hairs, which intercross 
over the midrib. These hairs perhaps serve to prevent 
insects from settling on this part of the* leaf, where 
there are no viscid glands by which they could be 
canght ; but it is hardly probable that they were 
developed for this purpose. The spiral vessels pro- 
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ceeding from the midrib terminate at tlie extreme 
margin of the kaf in spiral cells ; but these are not bo 
well developed as in the two preceding species. The 
flower-peduncles, sepals, and petals, are studded with 
glandular hairs, like those on the leaves. 

The leaves catch many small insects, which are 
found chiefly beneath the involuted margins, probably 
washed there by the niin. The colour of the glands 
on which insects have long lain is changed, being 
either brownish or pale purple, with their contents 
coarsely granular; so that they evidently absorb 
matter from their prey. Leaves of the Uricd tetralix, 
flowers of a Galium, scales of grasses, &c. likewise 
adhered to some of the leaves. Several of the ex- 
periments which were tried on Pinguicula vulgaris were 
repeated on Pinguicula lusiianica, and these will now 
be given. 

(1) A modcralcly sized Find nngular bit of ajbumen was 
placid on one siiltt of a leaf, halfway between the midrib and 
tbc nuturnlly involuttd morpn. In 2 hre. 15 m. the glands 
poured forth much secretion, and tliis side l*came mora 
infolded than the opposite oue. The inflectiuo increoBod, 
and in 3 hcg. 30 m. eitenJed up almost to the apex. After 
24 hre, the margin was rolled into a cylinder, the outer Burfaco 
of which touched the blade of the leaf and reached to within 
the -^ of an inch of the midrib. After 43 hn<. it began to 
unfold, and in 7'2 hra, was completely unfolded. The cube was 
rounded and ereatly reduced in size; the remainder being in 
a semi-liquefied Elate. 

(2) A moderately sized bit of athumen was placed near tha 
apex of a kinf, under the naturally incurved margin. In 
9 hre. 30 to, much secretion was excited, and next morning 
the margin on this side was more incurved than the oppoeite 
one, but not to so great a degree as in the last case. The mugin 
unfolilcd at the same rate as before. A large proportion of the 
albumen was dissolved, a romnaut beuig still lofL 

(3) Large bits oialbmnni were laid in a row on the midribs 
of two leavoB, but produced in the course of 31 hrs. no effeot; 
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nor coald this have been expected, for even had glanda 
existed here, the long bristlus would have preveuted the 
klbainen from coming in contact with tlicm. On both lenTea 
the biu were now poahed close to one margin, and in 3 his, 
30 HL this becoQie so greatly inflected that the outer surface 
touched the blade; the opposite margin not beiug in the least 
Affected. After three days the margiuM of both leaves with the 
Ubtimen were atill as much inflected as ever, and the glands 
were still secreting copiously. With J'inguicala vubjuris I have 
Berci seen inflection lasting so long. 

(4) Two oibliogi tecdt, after being soaked for an hour in writer, 
were placed near the margin of a leaf, and caused in 3 hrs. 
20 m. increased secretiou and incurvation. After 24 hrs. the 
leaf was paiiiallj unfolded, but the glands were still secreting 
freely. These began to dry in 48 hrs., and aflcr 72 hrs. wore 
almost dry. The two seeds were then placed on damp siiud 
under favourable conditions for growth ; but they never ger- 
minated, and after a time were found rotten. They had no 
doubt been killed by the secrotion. 

(5) SmaU bits of a apii.ach l,af caused in 1 hr. 20 m. 
increased secretion; and after 3 hrs. 20 m. plain incurvation of 
the margin. The margin was well iullected ofter 9 hrs. 15 m., 
but after 24 hrs. was almost fully re-eipand«l. The glands 
in contact with the spinach became dry iu 72 hrs. Bits of 
albumen had been placed the day before on the opposite margin 
of this some leaf, as well as on that of a leaf with cablmge 
seeds, and these margins remained closely inflected for 72 hrs., 
showing how much more enduring is the effect ot olbumen than 
of spinach leaves or c«bbage seeds, 

(6) A row of small fiaijmetils of glasi was laid along one 
margia of a leaf; no effect was produced in 2 hrs. 10 in., but 
after 3 lirs. 25 m. there seemed to bo a trace of inflection, and 
this was distinct, though not strongly marked, after 6 hrs. The 
glands in contact with the fragments now secreted mure freely 
than before ; so that they appear to bo more easily excited 
by the pressure of inorgauio objects than are the glands of Fin- 
guicula vutyaris. The above slight inflection of the margin had 
not increoscd ofler 24 hrs., and the glands were now beginning 
to dry. The surface of a leaf, near the midrib and towards 
the t«se, was rubbed and scratched for some time, but no 
movement ensued. The long baits which are situated here 
were treated in the sajno manner, with no effect. This latter 
trial was mode because I thought that the hairs might perhaps 
be sensitive to a touch, like the fllameBta of Diuntuo. 
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(7) The flower -peduncles, sepals and petals, bear glands ia 
;;eiiei'al appcttrauce lilco those on the teaves. A piece of a 
flower-peduncle wns therefore left for 1 hr. in a solution of 
one part of carbonate of ammonia to 437 of water, and tbie 
caused the glanda to change from bright pink to a dull 
purple colour; but their contents eihibited no distinct ai^re- 
gation. After 8 bra. 30 m. they became colourless. Two minuto 
cubes of albumen were placed on the glands of a flower- 
peduncle, and another cube on the glantla of a eepal ; but they 
were not eicilcd to increased aecretion, and the albumen 
after two days was not in the least softentd. Hence those 
glands appnrentl; differ greatly in function from those ou the 
leaves. 

Prom the foregoing observations on Pinguicvla lusi- 
tanica we see that the naturally much incurveiJ mar- 
gins of the leaves are excited to curve still farther in- 
nards by contact with organic and inorganic bodies ; 
that albumen, cabbage sceda, bits of spinach leaves, 
and fragments of glass, cause the glands to secrete 
more freely ; — that albumen is dissolved by the 
secretion, and cabbage seeds killed by it ; — and lastly 
that matter is absorbed by the glands from the insects 
which are caught in large numbers by the viscid 
secretion, Tho glands on the flower-peduncles seem 
to have no^uch power. This species differs from Pin- 
guicala vulgaris and grandifiora in the margins of the 
leaves, when excited by organic bodies, being inflected 
to a greater degree, and in the inflection lasting for a 
longer time. The glands, also, seem to be more easily 
excited to increased secretion by bodies not yielding 
soluble nitrogenous matter. In other respects, as far 
as my observatiims serve, all three species agree in 
their functional powers. 
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CHAPTER XVII. 

Vlrteiilaria iteglecta — Slructuio of the bludiler — Tbo npea of tho several 
parta — Number of impruoncd animala — Manner of capture — 
The bladden cannot di^t animal matter, but absorb tlie product! 
of it« decay — Eiperimenta on tbo absorption of certain fluids bj 
the qoadriSd proceeses — Absorption by the glanils — Sunimarj. 
of tbo abaervntion od abaorfition — Development of the bhuidcrv — 
Vlrieularia vulgarit — Viriciitaria minor — Vtriculariaetandaitina. 

I WAS led to inrestigute the habits and structure of 
the species of this genus partly from their beloDging 
to the same natural family as Pinguicula, hut more 
especially by Mr. Holland's statement, that " water 
insects are often found imprisoned in the bladders," 
which he suspects " are destined for the plant to feed 
on." ■ The plants which I first received as Ulricularia 
vulgaris from the New Forest in Hampshire and from 
Cornwall, and which I have chiefly worked on, have 
been determined by Dr. Hooker to be a very rara 
Eritish species, the Utricularia neglecta of Lehm.t I 
subsequently received the true Utricularia vulgarit 
from Yorkshire. Since drawing; up the following 
description from my own observations and those of my 
Bon, Francis Darwin, an important memoir by Prof, Cohn 



• The 'Quart. Mne. of the t I am much indebted to the 

High Wyoombe Nut. H[sL Soc.' Rov. H. M. WilltinBon, of Bistem, 

July 18118, p. 5. Dolpiiici (' Ult. for hiuving sent nio Bcveral flna 

Oiservaz. Bulla Diivjpiiuia,' jic Inta of this spcrica froin tho New 

lS<^-ISt>9, p. 16) ulso qantcH Fort«t. Mr. lialfs nas alsoBokind 

Cronao aa liuviug found (tSfiS) ns to send me living plants of the 

onutaceane witbin tho bluddcra eamo species from ni " 

cj Vtrieuiana mUgarU. in CorowaU. 
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on JJtricularia vulgaris haa appeared ; " and it has been 
no small satisfaetion to mo to find that my account 
agrees almost completely with that of this distin- 
guished observer. I will publish my description as 
it stood before reading that hy Prof. Cohn, adding 
occasionally some statements on his authority. 




Uiricularia negleeta. — The general appearance of a 
branch (about twice enlarged), with the pinnatifid leaves 
bearing bladders, is represented in the above sketch 
(fig. 17). The leaves continually bifurcate, so that 
a full-grown one terminates in from twenty to thirty 



' Beitiuge zur Biologie dor Fflunzen, ' drittes Heft, 1875. 
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points Each point is tipped by a short, straight 
bristle ; and slight notches on the sides of the 
leaves bear similur bristles. Ou buth surfaces there 
are many small papilhe, crowned with twu hemi- 
epherical cells in close contact. The plauts float 
near the surface of the water, and are quite destitute 
of roots, even during the earliest period of growth,* 
They commonly inhabit, as more than one observer 
has remarked to me, remarkably foul ditches. 

The bladders offer the chief point of interest. 
There are often two or three on the same divided leaf, 
generally near the base ; though I have seen a single 
one growing from the stem. They are supported on 
short footstalks. When fully grown, they are nearly 
Vj of an inch (254 mm.) in length. They are trans- 
lucent, of a green colour, and the walls are formed 
of two layers of cells. The exterior cells are poly- 
gonal and rather large ; but at many of the points 
where the angles meet, there are smaller rounded cells. 
These latter support short conical projections, sur- 
mounted by two hemispherical cells in such close 
apposition that they appear united; but they often 
separate a little when immersed in certain fluids. The 
papillie thus formed are exactly like those on the 
surfaces of the leaves. Those on the same bladder 
vary much in size ; and there are a few, especially on 
very young blad<lers, which have an elliptical instead 
of a circular outline. The two terminal cells are 
transparent, but must hold much matter in solution, 
judging from the quantity coagiduted by prolonged 
immersion in alcohol or ether. 



■ 1 iafcT ttmt tbia ia tho caee om Lcntihularioceffi," from the 

from a drawinc of * seedling ' VidennkaboUtro Modcioli'lapr,' 

given by Ur. M'snuinp: in liia Copvnlutgeo, 1874, NoB. S-7, pp. 

paper, " llidrug til KuDiUkubvu 3!i^ij. 
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The bladders are filled with ivater. They generally, 
but by no means always, contain bubbles of air. Ac- 
cording to the quantity of the contained water and 
air, they vary much in thickness, but are always some- 
what compressed. At an early stage of growth, the 
flat or ventral surface faces the axis or stem ; but the 
footstalks must have some power of movement ; for 
in plants kept in my greenhouse the ventral surface 
was generally turned either straight or obliquely 
downwards. The Kev. H. M. Wilkinson examined 




plants for mo in a state of nature, and found this 
commonly to bo tho ease, but the younger bladders 
often bad their valves turned upwards. 

The general appearance of a bladder viewed late- 
rally, with the appendages on the near side alone 
represented, is shown in the accompanying figure 
(fig. 18). Tho lower side, where the footstalk arises, is 
nearly straight, and I have called it the ventral surface. 
Tho other or dorsal surface is convex, and terminates 
in two lonij prolongations, formed of several rows of 
cells, containing chlorophyll, and bearing, chiefly on 
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the ont^ide, six or seven long, pointed, multicellular 
bristles. These prolongatioos of ihe bladder may be 
(XHiremeatly called the atUennx, for the whole bladder 
(see fig. 17) curionsly resembles an entomostraejm crus- 
tacean, the short footstalk representing the taiL In 
fig. 18, the near &nteuua alone is shnun. Beneuth 
the two antenna: tlie end of the bladder is slightly 
tmncated, fmd here is situated the most importtmt 
part of the whole structure, namely the entrance and 
▼alve. On each side of the entrance from three to 
rarely seven long, multicellular bristles project out- 




wards; but only those (four in number) on the near 
side arfe shown in the drawing. These bristles, to- 
gether with those borne by the antennie, form a sort 
of hollow cone surrouniling the entrance. 

The valve slopes into the eavity of the bladder, or 
upwards in fig. 18. It is attached on all sides to 
the bladder, escepting by its posterior margin, or the 
lower one in fig. 19, which is free, and forms one side 
of the slit-like orifice leading into tho bladder. This 
margin is sharp, thin, and smooth, and rests on the 
edge of a rim or collar, which dips deeply into tho 
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bladder, as shown in the longitudinal section (fig. 20) 
of tbe collar and valve ; it is also shomi ot c, in fig. 18. 
The edge of the valve can thus open only inwards. 
As botli the valve and collar dip into the bladder, a 
hollow or depression is here formed, at the base of 
which lies the slit-like orifice. 

The valve is colourless, highly transparent, flexible 
and elastic. It is convex in a transverse direction, 
but has been di'awn (fig. 19) in a flattened state, by 
which its apparent breadth is increased. It is formetl. 




lorin Hegltcla.) 

It rmtnl poitJan of i btaddir; ibowliif nln 

EcUoo nbovo fbrou Uw colliii b. blBd pm- 



nccording to Cuhn, of two layers of small cells, which 
are continuous with the two layers of larger cells 
forming the walls of the bladder, of which it is evi- 
dently a prolongation. Two -pairs of transparent 
pointed bristles, about as long as the valve itself, 
arise from near the free posterior margin (fig. 18), 
and point obliquely outwards in the direction of thu 
antenna;. There arc also on the surface of the valve 
numerous glands, as I will call them ; for they have 
the power of absorption, though I doubt whether 
they ever secrete. They consist of three kinds, which 
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to a certain extent graduate into one another. THosu 
eitnatol round the anterior margin of the valve (upper 
Taargin in fig. 19) are very nmnerous and crowded 
together ; they consist of an ohlong head on a long 
pedicel. The pedicel itself ia formed of an elongated 
cell, surmounted by a short one. The glands towards 
the free posterior margin are much Lirger, few in 
number, and almost fljiherical, having short footstalks ; 
the head ia formed by the conllueneo of two colls, the 
lower one answering to the short upper cell of the 
pedicel of the oblong glands. The glands of the 
third kind have transversely elongated heads, and are 
seated on very short footstalks ; so that they stand 
parallel and close to the surface of the valve ; they 
may be called the two-armed glands. The cells form- 
ing all these glands contain a nucleus, and are Ihied 
by a thin layer of more or less granular protoplasm, 
the primordial utricle of Mohl. They are filled with 
fluid, which must hold much matter in solution, 
judging from the quantity coagulated after they havo 
been long immersed in alcohol or ether. The depres- 
sion in which the valve lies ia also lined with innu- 
merable glands'; those at the sides having oblong 
heads and elongated pedicels, exactly like the glands 
on the adjoining parts of the valve. 

The collar (called the peristome by Cohn) is evi- 
dently formed, like the valve, by an inward projection 
of the walla of the bladder. The cells composing the 
outer surface, or that iitcing tho valve, have rather 
thick walls, are of a brownish colour, minute, very 
numerous, and elongated ; the lower ones being divided 
into two by vertical partitions. The whole presents a 
complex and elegant appearance. The cells forming 
the inner siirlace are continuous with those over the 
whole inner surface of the bladder. The space be- 




402 UTEICDLARIA NEQLECTA. Cbap. XVU 

tween tlie inner and outer Biirface consists of coaise 
cellular tissue (fig. 20). The inner side is tliickly 
covered with delicate bifid processes, hereafter to be 
described. The collar is thus made thick ; and it is 
rigid, so that it retains the same outline whether the 
bladder contains littlo or much air and water. This 
is of great importance, as otherwise the thin and 
flexible valve would be liable to be distorted, and 
in this case would not act properly. 

Altogether the entrance into the bladder, formed by 
the transparent valve, with its four obliquely project- 
ing bristles, its numerous diversely shaped glands, 
surrounded by the collar, bearing glands on the 
inside and bristles on the outside, together with the 
bristles home by the antennffi, presents an extra- 
ordinarily complex appearance when viewed under 
the microscope. 

We will now consider the internal structure of the 
bladder. The whole inner surface, with the exception 
of the valve, ia seen under a moderately high power to 
be covered with a serried mass of processes (fig. 21). 
Each of these consists of four divergent arms ; whence 
their name of quadrifid processes. They arise &om 
small angular cells, at the yinctions of the angles of 
the larger cells which form the interior of the 
bladder. The middle part of the upper surface of these 
small cells projects a little, and then contracts into a 
very short and narrow footstalk which bears the four 
arms (fig. 22). Of these, two are long, but often of not 
quite equal length, and project obliquely inwards and 
towards the posterior end of the bladder. The two 
others are much shorter, and project at a smaller angle, 
that is, are more nearly horizontal, and are directed 
towards the anterior end of the bladder. These arms 
are only moderately sharp ; they are composed of ex.- 
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tremcly tliia transparent merobrane, so tli&t they can 
be bent or doubled in any direotion withont being 
broken. They are lined with a delicate layer of proto- 
plasm, as is likewise the short conical projection from 
which they arise. Each arm generally (bnt not in- 
Tariably) contains a minute, faintly brown particle, 
either rounded or more commonly elon^te*!, which 
exhibits incessant Brownian movements. These par- 
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ticles slowly change their positions, and travel from 
one end to the other of the arms, bnt are commonly 
found near their bases. They are present in the quad- 
rifidfi of young bladders, when only about a third of 
their full size. They do not resemble ordinary nuclei, 
but I believe that they are nuclei in a modified con- 
dition, for when absent, I could occasionally just dis- 
tinguish in their places a delicate halo of matter, 
including a darker spot. Moreover, the quadrifids of 
Vfrieulnria moniana contain rather larger and much 
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more regularly spherical, but otlierwiae similar, par- 
ticles, whioli closely resemble tlie nuclei in the cells 
forming the walls of the bladders. In the present 
ease there were sometimes two, tHree, or even more, 
nearly similar particles within a single arm ; but, as 
we shall hereafter see, the presence of more than 
one seemed always to be connected with the absorption 
of decayed matter. 

The inner side of the collar (see the previous fig. 20) 
is covered with several crowded rows of processes, dif- 
fering in no important respect, from the quadiifids, 
except in bearing only two arms instead of four ; they 
are, however, rather narrower and more delicate. I shall 
call them the bifids. They project into the bladder, 
and are directed towards its posterior end. The quod- 
rifid and bifid processes no doubt are homologous 
with the papilla? on the outside of the bladder and 
of the leaves; and we shall see that they are de- 
veloped from closely similar papilla?. 

The Uses of the several Parts. — After the above long 
but necessary description of the parts, we will turn to 
their uses. The bladders have been supposed by some 
authors to serve as floats; but branches which bore 
no bladders, and others from which they had been 
removed, floated perfectly, owing to the air in the 
intercellular sjiaces. Bladders containing dead and 
captured animals usually include bubbles of air, bat 
these cannot have been generated solely by the pro- 
cess of decay, as I have ol'tcn seen air in young, clean, 
and empty bladders ; and some olil bladders with much 
decaying matter had no bubbles. 

The real use of the bladders is to capture small 
aquatic animals, and tliis they do on a large scale. In 
the first lot of plants, which I received from the New 
Forest early in July, a largo proportion of the fully 
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grown bladders contained prey ; in a second lot, re- 
ceived in the beginning of August, most of the 
bladders were empty, but plants had been selected 
which bad grown in unusually pure water. In the 
first lot, my son examined seventeen bladders, in- 
cluding prey of some kind, and eight of these ctm- 
tained entomostracan crustaceans, three larvie of in- 
sects, one being still alive, and six remnants of 
animals so much decayed that their nature could not 
be distinguished. I picked out five bladders which 
seemed very full, and found in them four, five, eight, 
and ten crustaceans, and in the fifth a single much 
elongated larva. In five other bladders, selected from 
containing remains, but not appearing very full, thero 
were one, two, four, two, anil five crustaceans. A plant 
of JJtrieularia vulgaris, which had been kept in almost 
pure water, was placed by Cohn one evening into water 
swarming with crustaceans, and by the next morning 
moat of the bladders contained these animals entrapped 
and swimming round and round their prisons, 'i'hey 
remained alive for several days ; but at last perished, 
asphyxiated, as I suppose, by the osygen in the water 
having been all consumed. Freshwater worms were 
also found by Cohn in some bladders. In all coses 
the bladders with decayed remains swarmed with 
living Alg.-e of many kinds. Infusoria, and other low 
organisms, which evidently lived as intruders. 

Animals enter the bladders by bending inwards the 
posterior free edge of the valve, which from being 
highly elastic sbuts again instantly. As the edge is 
extremely thin, and fits closely against the edge of the 
collar, both projecting into the bladder (sro section, 
fig. 20), it would evidently be very difficult for any 
animal to get out when once imprisoned, and apparently 
they never do escape. To show how closely the edge 
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fits, I may mention tliat my son found a Daphnin 
which had inaertod one of its anteunie into the slit, 
and it was thus held fast during a whole day. On 
three or four occasions I havo seen long narrow larva", 
both dead and alive, wedged between the corner of 
the valve and collar, with half their bodies within the 
bladder and half out. 

As I felt much difficulty in understanding how such 
minute and weak animah, as are often captured, 
could force their way into the bladders, I tried many 
experiments to ascertain how this was effected. The 
free margin of the valvo bends so easily that no 
resistance is felt when a needle or thin bristle is 
inserted. A thin human hair, fised to a handle, 
and cut off so aa to project barely ^ of an inch, 
entered with some difficulty ; a longer piece yielded 
instead of entering. On three occasions minnte par- 
ticles of blue glass (so as to be easily distinguished) 
were placed on valves whilst under water; and on 
trying gently to move them with a needle, they disap- 
petired so suddenly that, not seeing what had happened, 
I thought that I had flirted them off; but on ex- 
amining the bladders, they were found safely enclosed. 
The same thing occurred to my son, who placed little 
cubes of green' box-wood (about ^l of an inch, '423 
mm.) on some valves ; and thrice in the act of placing 
them on, or whilst gently moving them to another 
spot, the valve suddenly opened and they were en- 
gulfed. He then placed similar bits of wood on other 
valves, and moved them about for some time, but they 
did not enter. Again, particles of blue glass were 
placed by me on three valves, and extremely minuta 
shavings of lead on two other valves ; after 1 or 2 hia. 
none had entered, but in from 2 to 5 hrs. all five 
were enclosed. One of the particles of glass was a 
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loQff splinter, of which one end rested obliquely on 
the valve, and after a few hours it was found tixetl, half 
within the bladder and half projecting out, with the 
edge of the valve fitting closely all round, except at 
one angle, where a small open space was left. It was 
so firmly fixed, like the above mentioned larvce, that 
the bladder was torn from the branch and shaken, and 
yet the splinter did not fall out. lly son also placed 
little cubes (about ^V of an inch, S'Jl mm.) of green 
boK-wood, which were juat heavy enough to sink in 
water, on three valves. These were examinet.1 after 
19 hrs. 30 m., and were still lying on the valves ; hut 
after 22 hrs. 30 m. one waa found enclosed. I may 
here mention that I found in a bladder on a naturally 
growing plant a grain of sand, and in another bladder 
three grains ; these must have fallen by some accident 
on the valves, and then entered like the particles 
of glass. 

The slow bending of the valve from the weight of 
particles of glass and even of box-wood, though largely 
supported by the water, is, I suppose, analogous to the 
slow bending of colloid substances. For instance, 
particles of glass were placed on various points of 
narrow strips of moistened gi?latine, and those yielded 
and became bent with extreme slowness. It is much 
more difficult to understand how gently moving a 
particle from one part of a valve to another causes it 
suddenly to open. To ascertain whether the valvea 
were endowed with irritability, the surfaces of several 
were scratched with a needle or brushed with a fine 
camel-hair brush, so as to imitate the crawling move- 
ment of small crustaceans, but the valve did not 
open. Some bladders, before being brushed, were left 
for a time in water at temperatures between SO' and 
130^ F. (26='-6— M°-4 Cent.), as, judging from a wide- 
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spread analogy, this would Lave reudered tliem mpro 
sensitive to irritation, or would by itself have excite<l 
movement ; but no effect was produced. We may, 
therefore, conclude that animals enter merely by 
forcing their way through the slit-like orifice ; their 
heads serving as a wedgo. But I am surprised that 
such small and weak creatures as are often captured 
(for instance, the nauplius of a crustacean, and a tardi- 
grade) should be strong enough to act in this manner, 
seeing that it was difficult to push in one end of a 
bit of a hair J of an inch in length. Nevertheless, 
it is certain that weak and small creatures do enter, 
and Mrs. Treat, of New Jersey, has been more suc- 
cessful than any other observer, and bas often wit- 
uessed in the case of Viricularia dandestina the 
whole process.' She saw a tardigrade slowly walk- 
ing round a bladder, as if reconnoitring ; at last it 
crawled into the depression where the valve lies, and 
then easily entered. She also witnessed the entrap- 
ment of various minute crustaceans. Cypris "was 
" quite waiy, but nevertheless was often caught. 
" Coming to the entrance of a bladder, it would some- 
" times pause a moment, and then dash away ; at 
" other times it would come elose up, and even ven- 
" ture part of the way into the entrance and back out 
" as if afraid. Another, more heedless, would open 
" the door and walk in ; but it was no sooner in than 
" it manifested alarm, drew in its feet and antenoEc, 
and closed its shell." Larva?, apparently of gnats, 
when " feeding near the entrance, are pretty certain 
" to run their heads into the net, whence there is no 
" retreat. A large larva is sometimes three or four 
" hours in being swallowed, the process bringing to 
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" mind what I have witnessed when a small snake 
" makes a large frog its victim." But aa the valve 
does not appear to be in the least irritable, the 
slow swallowing process must bo tho effect of the 
onward movement of the larva. 

It is difficult to conjecture what can attract so many 
creatures, animal- and vegetable-feeding crustaceans, 
worms, tardigrades, and various larva?, to enter the 
bladders. Mrs. Treat says that the larvto just 
referred to are vegetable-feeders, and seem to have & 
special liking for the long bristlea round the valve, but 
this taste will not account for the entrance of animal- 
feeding crustaeeans. Perhaps small aquatic animals 
habitually try to enter every small crevice, like that 
between the valve and collar, in search of food or pro- 
tection. It is not probable that the remarkable trans- 
parency of the valve is an accidental circumstance, 
and the spot of light thus formed may serve as a 
guide. The long bristles round the entrance ap- 
parently servo for the same purpose. I believe that 
this is the ease, because tho bladders of some epi- 
phytic and marsh species of Utricularia which live 
embedded either in entangled vegetation or in mud, 
have no bristles round the entrance, and these under 
such conditions would be of no service as a guide. 
Nevertheless, with these epii>hytic and marsh species, 
two pairs of bristlea project from the surface of the 
valve, as in the aquatic species ; and their use pro- 
bably is to prevent too large animals from trying to 
force an entrance into the bladder, thus rupturing the 
orifice. 

As under favourable circumstances most of the blad- 
ders succeed in securing prey, in one case as many as 
l«n crustaceans ;— as the valve is so well fitted to 



410 UTRICUIAEIA NEGLEOTA. ClUP. XVIl 

allow auimals to enter and to prevent their escape ; — 
and OS tlie inside of the bhidder presents so singular 
a structnre, clothed with innumerable qtiadrifid and 
bi£d processes, it is impossible to doubt that the plant 
has been specially adapted for securing prey. From 
the analogy of Pinguicula, belonging to the same 
family, I naturally expected that the bladders would 
have digested their prey ; but this is not the case, and 
there are no glands fitted for secreting the proper 
fluid. Nevertheless, in order to test their power of 
digestion, minute fragments of roast meat, three small 
culies of albumen, and three of cartilage, were pushed 
through the orifice into the bladders of Tigorons 
plants. They were left from one day to three daya 
and a half within, and the bladders were then cut 
open ; but none of the above substances exhibited the 
least signs of digestion or dissolution ; the angles of the 
cubes being as sharp as ever. These observationa were 
made subsequently to those on Drosera, Dionrea, Droso- 
phyllum, and Pinguicula ; so that I was familiar with 
the appearance of these substances when under- 
going the early and final stages of digestion. We may 
therefore conclude that Utricularia cannot digest the 
animals which it habitually captures. 

In most of the bladders the captured animals are so 
much decayed that tliey form a palo brown, pulpy 
mass, with their ehitioous coats so tender that they 
fall to pieces with the greatest ease. The black 
pigment of the eye-spots is preserved better than any- 
thing else. Limbs, jaws, &c. are often found quite 
detached ; and this I suppose is the resiUt of the vain 
struggles of the later captured animals. I have 
sometimes felt surprised at the small proportion of 
imprisoned animals in a fresh state compared with 
those utterly decayed. Mrs. Treat states with respect 
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to the liiivsE above referred to, that " usually in losa 
" than two daya after a large one was captured the fluid 
" contents of the bladders began to assume a cloudy 
" or muddy appearance, and often became bo dense 
" that the outline of the auictial was lost to view." 
This statement raises the suspicion that the bladders 
secrete some ferment hastening the process of decay. 
There is no inherent improbability in this supposition, 
considering that meat soaked for ten minutes in water 
mingled with the milky juice of the papaw becomes 
quite tender and soon passes, as Browne remarks in 
his 'Natural History of Jamaica,' into a state of 
putridity, 

Whether or not the decay of the imprisoned animals 
is in any way hastened, it is certain that matter is 
absorbed from them by the quadrifid and bifid pro- 
cesses. The extremely delicate nature of the mem- 
brane of which these processes are formed, and the 
large surface which they expose, owing to their number 
crowded over the whole interior of the bladder, are 
circumstancea all favouring the process of absorjjtion. 
Many perfectly clean bladders which had never caught 
any prey were opened, and nothing could bo distin- 
guished with a No. 8 object-glass of Ilartnack within 
the delicate, structureless protoplasmic lining of the 
arms, excepting in each a single yellowish particle or 
modified nucleus. Sometimes two or even three such 
particles were present ; but in this case traces of decay- 
ing matter could generally be detected. On the other 
hand, in bladders containing either one large or several 
small decayed animals, the processes presented a widely 
different appearance. 8ix such bladders were care- 
fully examined; one contained an elongated, coiled- 
up larva ; another a single large entomostracnn cnista- 
ccan, and the others from two to five smaller ones, all 
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in a decayed state. In these six bladders, a large 
number of the quadrifid processes contained transpa- 
rent, often yellowish, more or lesa confluent, spherical 
or irregularly shaped, masses of matter. Some of the 
processes, however, contained only fine granular 
matter, the particles of which were so small that they 
could not be defined clearly with No. 8 of Hartnack. 
The delicate layer of protoplasm lining their walls 
was in some cases a little shrunk. On three occasions 
the above small massos of matter were observed and 
sketched at short intervals of time ; and they certainly 
changed their positions relatively to each other and 
to the walls of the arms. Separate masses sometimes 
became confluent, and then again divided. A single 
little mass would send out a projection, which after a 
time separated ifaclf. Hence there could be no doubt 
that these masses consisted of protoplasm. Bearing 
in mind that many clean bladders were examined with 
equal care, and that these presented no such appear- 
ance, we may confidently believe that the protoplasm 
in the above cases had been generated by the absorp- 
tion of nitrogenous matter from the decaying animals. 
In two or three other bladders, which at first appeared 
quite clean, on careful search a few processes were 
found, with their outsides clogged with a little brown 
matter, showiug that some minute animal had been 
captured and had decayed, and the arms here included 
a very few more or less spherical and aggregated 
masses ; the processes in other parts of the bladders 
being empty and transparent. On the other hand, it 
must be stated that in three bladders containing dead 
crustaceans, the processes were likewise empty. This 
fact may be accounted for by the animals not having 
been sufficiently decayed, or by time enough not 
haviug lieen allowed for the generation of proto- 
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plasm, or by iU subsequent absorption and transference 
to other parta of the plant. It will hereafter be Been 
that in three or four other species of TJtricularia the 
quiidrifid processes in contact with decaying aninmls 
likewise contained aggregated masses of protoplasm. 

On the Absorption of certain Fluids hy the Quadrijid 
and Bifid Processes. — These experiments were tried to 
ascertain whether certain fluids, which seemed adapted 
for the purpose, would produce the same effects on 
the processes as the absorption of decayed animal 
matter. Such experiments are, however, troublesome ; 
for it is not sufficient merely to place a branch in 
the fluid, as the valve shuts so closely that the fluid 
apparently does not enter soon, if at all. Even when 
bristles were pushed into the orifices, they were in 
several cases wrapped so closely round by the thin 
flexible edge of the valve that the fluid was appa- 
rently excluded ; so that the experiments tried in this 
manner are doubtful and not worth giving. The beat 
plan would have been to puncture the bladders, but 
I did not think of this till too late, excepting in a few 
cases. In all such trials, however, it cannot be ascer- 
tained positively that the Lliiddcr, though translucent, 
does not contain some minute animal in the last stage 
of decay. Therefore most of my experiments were 
made by cutting bladders longitudinally into two ; the 
qnadrifids were examined with No. 8 of Hartuack, 
then irrigated, whilst under the covering glass, with 
a few drops of the fluid under trial, kept in a damp 
chamber, and re-examined after stated intervals of 
time with the same power as before. 

Four Lladdcrs were first tried as a contrul eiperimenf, in 
the manntr just described, in a Bohition of one part of gam 
arabio to 21S of water, and t«o bladdera in a solntion of one 
port of sugar to 437 of water; nod in ntitliur caee was any 
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change pereopHble in the qundrifids or bifida after 21 hrs. 
Four bladders were then treated in tlie sumo maimer with a 
Bolotion of one part of nitrate of amtDonia to 437 of water, and 
re-eaamined after 21 hrs. In two of these the quadrifida now 
appeared fall of very Bnaly grannlar motta-, nnd their proto- 
plasmic lining or primordial utricle was a little slimnk. In the 
third bladder, the quadriflds included diHtinctly -risible grannleB, 
and the primordial utricle was a little shrunk afler only 8 hrs. 
In the fourth bladder the primordial utricle in most of the 
processes was here and tboio thickened into little, irregular, 
yellowish Rpecks ; and from the gradations which could bo 
traced in this and other eases, those specks appear to giTe riso 
to the larger free granules contained within some of the pro- 
cesses. Other bladders, which, as far as could l»e jndged, had 
never caught any prey, were punctured and left in the same 
solution for 17 hrs. ; and their quadrifida now contained very 
fine granular matter. 

A bladder was bisected, csamined, and irrigntod with a 
Bolutiou of one part of carbonate of ammonia to 437 of water. 
After 8 hrs. SOm. the quadrifidscoDtainedagood many granulee, 
and the primordial utricle was somewhat shrunk; after 28 hra. 
the quadrifida and bifida contained many spherea of hyalina 
matter, and in one arm twenty-four such spheres of moderate 
size were counted. Two bliiected bladders, which had been 
previously left for 21 hrs. in the solution of gum (one part to 
218 of water) without being affected, were irrigated with tbs 
solution of carbonate of ammonia ; and both had their quadrifida 
modified in nearly the same manner as just described, — one 
after only 9 hrs., and the other after 24 hrs. Two bladders 
which appeared never to have canght any prey were pnnctureid 
and placed in the solution ; the qnndrifids of one were examined 
after 17 hrs., and ftiiind slightly opaque; the quadrifida of tho 
other, examined after 45 hra., had their primordial ntrictea more 
or less shrunk with thickened yellowish specks, like those due 
to the action of nitrate of ammonia. Sever il nninjurod bladders 
were left in the samo solution, as well as a weaker solution 
of one part to 1750 of water, or 1 gr. to 4 oz.; and after tw« 
days the quadrifida were more or less opaque, with their con- 
tents finely granular; but whether the solution had enlerod by . 
the orifice, or had been absorbed from the outside, I know not. 

Two bisected bladders were irrigated with a solution of ons 
part of urea to 21H of water; but when this solution waa em- 
ployed, I forgot that it hod been kept for some days in a warm 
room, and liad therefore proliahly generated ammonia ; anyhow 
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the qnadrtfids were affvcted after 21 lirs. ar if a solution of c»r- 
bouate of amtaonia had been OBcd ; for the [irimordial utricle 
was thickened in eperkB, which seemed to praiiuate into separate 
grannies. Three bisected bladders were also irrigated with a 
&esh Bolntion of urea of tho some strength; their qnadrifida 
after 21 hrs. were much leaa affected thaa in the former case ; 
nerertbelcss, the primordial utricle in some of the arms was 
a little shmnk, and in others was divided into two almost 
sjmnotncal sacks. 

Three bisected bladders, after being eiamined, were irrigated 
with a putrid and Tcry offensive infusion of raw meat. After 
23 hrs. the quadriflds and bilids in all three specimens aliounded 
with minute, hyaline, spherical masses; and Bome of their 
primordial ntriclea were a little ahnuik. Tliree biEected blad- 
ders were also irrigated with a fresh infusion of raw meat ; and 
to my sarprise the qnadriiids in one of them appeared, after 
23 hrs., finely granular, with their primordial utricles somewhat 
shmnk and marked with thickened yellowish specks ; so that 
they had been acted on in tho same manner as by the putrid 
infusion or by the salts of ammonia. In the second bladder 
some of the quadrifids were similarly acted on, though to a 
Tery slight degree ; whilst the third bladder was not at all 
aSsctcd. 

From these experiments it is clear tliat the qmid- 
rifid and bifid processes Iiave the power of absorbing 
carbonate and nitrate of ammonia, and matter of 
some kind from a putrid infusion of meat. Salts of 
ammonia were selected for trial, aa they are known 
to be rapidly generated by tho decay of animal 
matter in the presence of air and water, and would 
therefore be generated within the bladders contain- 
ing captured prey. The effect produced on the pro- 
cesses by these salts and by a putrid infusion of raw 
meat difl'crs from that produced by tho decay of the 
naturally captured animals only in the aggregated 
masses of protoplasm being in the latter case of larger 
size ; but it is jirobable that tho fine granules and 
small hyaline sjiheres produced by the solutions would 
coalesce into larger masses, with liuie enough allowed. 
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"We have seen with Drosera that the first effect of a 
weak solution of carbonate of aminonia. on the ccU- 
coutenta is the production of the finest grannies, whi< 
afterwards aggregate into larger, more or less ronndi 
masses; and that the granulesin the layer of protopl 
which flows round the walla ultimately coalesce wil 
these masses. Changes of this nature ore, howevi 
far more rapid in Drosera than in Utriculnria. 8in< 
the bladders Itave no power of digesting albumen, 
cartilage, or roast meat, I was surprised that matter 
was absorbed, at least in one case, from a fresh infusion 
of raw meat. I was also surprised, from what we shall 
presently see with respect to the glands round the 
orifice, that a fresh solution of uroa produced only a 
moderate effect on the quadrifida. 

As the quadrifida are dereloped from papilla; wlii< 
at first closely resemble those on the ontaido of 
hladdera and on the surfaces of the leaves, I may here 
state that the two hemispherical colls with which these 
latter papilla; are crowned, and which in their natural 
state are pcrfi;ctly transparent, likewise absorb car- 
bonate and nitrate of ammonia ; for, after an immersion 
of 23 hrs, in solutions of one part of both these salts 
to 437 of water, their primordjal utricles were a litl 
shrunk and of a pale brown tint, and sometimes fine!; 
granular. The same result followed from the immcrsii 
of a whole branch for nearly three days in a eolutii 
of one pi^rt of the carbonate to 1750 of water. Tl 
grains of chlorophyll, also, in the cells of the lean 
on tbia branch became in many places aggregal 
into little green masses, which were often connocl 
together by the finest threads. 

On Die Absorption of certain Fluids hj ike Glands 
the Valve and Collar. — The glands round the orifices 
bladders which are still young, or which hare 
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long kept in moderately pure water, are colourless; 
and their primordial utricles are only slightly or 
hardly at all granular. But in the greater number of 
plants in a state of nature— and we must remember 
that they generally grow in very foul water — and 
with plants kept in an aquarium in fuul water, most 
of the glands were of a pale brownish tint ; their prim- 
ordial utricles were more or less shrunk, Bometimce 
ruptured, with their contents often coarsely granular 
or aggregated into little masses. That this state of 
the glands is due to their having absorbe<i miitU-r from 
the surrounding water, I cannot doubt ; fur, iw wc Hlinll 
immediately see, nearly the same results follow from 
their immersion for a few hours iu various solutions. 
Nor is it probable that this absorption is iiseltmK, 
seeing that it is almost universal with plants frruwiug 
in a state of nature, excepting when the wat<-T is re- 
markably pure. 

The pedicels of the glands which arc situated doso 
to the slit-like orifice, both those on the valvo and on 
the collar, are short; whereas the pedicels of thu moro 
distant glands are much elongated and projctit inwards. 
The glands are thus well jduced so to bo watdicd by 
any fluid coming out of the bladder through thii 
orifice. The valve fits so cloaely, judging from the 
result of immersing uninjured bladders in voriouB 
solutions, that it is doubtful whetlier any putrid fluid 
habitually passes outwards. Cut we must remember 
that a bladder generally captures several animals ; and 
that each time a fresh animal enters, a puff of foul 
water must pass out and bathe the glands. Moreover, 
I have repeatedly found that, by gently [iressing bhul- 
ders which contained air, minut« bubblr-s wore driven 
out through the orifice ; ond if a bladder is laid on 
blotting paper and gently pressed, water oozes out. 
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In this latter case, as soon as the pressure is relaxed, air 
is drawn in, and the bliidder recovers its proper form. 
If it ia now placed under water and again gently 
pressed, minute bubbles issue frum the orifice and 
nowhere else, showing that the walls of the bladder 
have not been ruptured. I mention this because Cohn 
quotes a statement by Treviranus, that air cannot be 
forced out of a bladder without rupturing it. We may 
tlierefore conclude that whenever air is secreted within 
a bladder already full of water, some water will be 
slowly driven out through the orifice. Hence I can 
hardly doubt that the numerous glands crowded round 
the orifice are adapted to absorb matter from the 
putrid water, which will occasionally escape &om 
bladders including decayed animals. 

In order to test tliis couelu^ion, I ei[])eriinentoiJ wiih vorioaa 
BolutionB on tbc glnnils. As in tho cobo of tLe (lundrtfids, ealts 
of ammonia wore tried, since these are generated bj the final 
decay of animal matter under water. Unfortnnatelj tho glands 
CADtiot lie earcfullj examined w)iilst attached to the bladders 
in their entire state. Their Gummits, therefore, including the 
valve, collar, mid anlcnnto, were sliced off, and tho condition 
of the glandfi oliaerved ; the; were then irrigated, whilst beneath 
a oovering glnas, with the solntions, and aflcr a time ro-ei- 
amined with the same power as before, namel; No. H of Hart- 
nock. Tbc following cxperimeuts were thus made. 

As a control experiment solutions of one part of white sngar 
and of one part of gum to 218 of water were first used, to eeo 
whether these produced any change in the ginnds. It was 
also necessary to observe whether the glands were affected by 
tho summits of the bladders having lieen cut off. The summits 
of four were thus tried ; one being eiamincd after 2 hrs. 30 m., 
and the other three after 23 hrs. ; but tliero was no marked 
cliange m the glands of any of them. 

Two summits lieariog quite colourless glands wore irrigated 
with a solution of carbonate of ammonia of the samo etnitigth 
(viz. one part to 218 of water), and in 5 m. tho primordial 
utricles of most of the glands were somewhat contracted; they 
were also thickened ia specks or patches, and had assumod a pale 
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brown tint. When looked at agnin &Rei I hr. 30 m., most of 
them presented a somewhat different appearance. A third 
Bpeciinea was treated with a wuikcr eolutiun of one part of the 
carbonate lo 437 of water, and after 1 hr. the gtaLda were pale 
brown and contained numerous granules. 

Ponr BummitH were irrigated with a solution of one part of 
nitrate of ammonia to 437 of wnter. One was eiamined after 
15 m., and the glands seemed affected; after 1 hr. 10 m. there 
was a greatei change, and the primordial utriclee in moet of 
them were somewhat ahranfc, and inclnded many granules. 
In the second specimen, the primordial utricles were consider- 
ably shrunk and brownish after 'i lira. Sipiilar effects were 
obeerred in the two other specimens, but these were not ex- 
amined until 21 hra. had elapsed. The nndet of many of 
the glands apparently had increased in rIzc. Five bladders 
on a branch, which had been kept for a long time in modc- 
latelj pnre water, were cut off and examined, and their glands 
found very little modified. The remainder of this branch was 
placed in the solntion of the nitrate, and after 21 hrs. two blad- 
ders were examined, and all their glands were l>rowiii8h, with 
their primordial ntricles somewhat shrunk and finely granular. 

The summit of another bladder, the glands of which were in a 
beflutifully clear condition, was irrigated with a few dropa of 
a mixed solution of nitrate and phoB])hato of ammonia, each 
of one part to 437 of water. After 2 hrs. some few of the 
glAnds were brownish. After 6 hm. almost all the oblong glands 
were brown and much more opaque than they wore before ; 
their primordial utricles were somewhat shrunk and contained a 
little aggregated granular matter. The sphcrieal glands were 
still white, but their utricles were broken up into three or 
fonr small hyaline spheres, with an irregularly contracted mass 
in the middle of the hasal part. These smaller spheres changed 
their forms in the course of a few hours, and some of them 
disappeared. By the next morning, after 23 hrs. 30 m., they 
hsd all disappeared, and the glands were brown ; their utricles 
now formed a globular shrunken mans in the middle. The 
utricles of the oblong glands had shrunk very little, but 
their contents were somewhat aggregated. Lastly, the Hiimmit 
of a bladder which had lieeii previously irrigated for 21 hrs. 
with a solution of one jiart of sugar to 21» of water without 
being affected, was trealtd with the above mixed solution ; and 
after 8 hrs. 30 m. all the glandK became brown, with their 
primordial utricles slightly shrunk. 

Foot sammits were irrigated with a putrid infusion of raw 
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meat. No chacgo in the glands wna obserralJe tor aome liours, 
but afl«r 21 Urs. most of tliem had become broniiish, and mare 
opaque and granular than tliej were before. In these speci- 
mens, as in Uiose irrigated with the roIU of ammonia, the 
nuclei eeemed to have increased both in size and solidity, bnt 
they ■were not meaKiired. Five suminita were also irrigated 
witli a fresh infusion of raw meat; three of these were not at 
alt affected in Si hre., bnt tlie glands of the other two hod 
perhaps berome more granular. One of the Bpecimoua which 
was not affected was then irrigated with the mixed solution of 
the citrate and pLoKphato of ammonia, and afler only 25 m. 
the glands contained from four or five to a dozen granaloH. 
Afler sii additional hours their primordial utricles were greatly 
shrunk. 

The summit of a bladder was examined, and all the glaada 
found colourless, with their primordial utricles not at all 
shrunk ; yet many of the oblong glands contained granules jnst 
resolvable with No. 8 of Hartnack. It was then irrigated vitta 
a few drops of a solution of one part of urea to 218 of water. 
After 2 hrs. 25 m. the spherical glands were still colonjle«; 
whilst the oblong and two-armed ones were of a brownish lint, 
and their primordial nlricles much shrunk, some containing 
distiuctly visible granules. After 9 hrs. some of the spherical 
glands were brownish, and the oblong glands were still more 
changed, but they contained fewer separate granules; their 
nuclei, ou tho otiicr hand, appeared larger, as if they had 
absorbed tho granules. After 23 hrs. all the glands were 
brown, their primordial utricles greatly shrunk, and in many 
cases ruptured. 

A bladder was now experimented on, which was already 
somewhat affected by the surrounding water; for the spherical 
glands, though colourless, had their primordial ntriclea slightly 
shrunk ; and tho oblong glands were brownish, with their 
utricles much, but irregularly, shrunk. The sammit was 
treated with tho solution of urea, but was little affected by it in 
'J krs.; nevertheless, after 23 hrs. the spherical glands were 
brown, with their utricles more shrunk ; several of the other 
glands were atill browner, witli their utricles contracted into 
irregular little masses. 

Two other sunimits, with their glands colourless and their 
utricles not shrunk, were treated with the same solution of 
urea. After 5 hrs. many of tiie glands presented a shade of 
brown, with their ntriolus slightly shrunk. After 20 hra. 
40 m. some te\t of them were quite brown, and contained 
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inognlarly aggr^fileii maescH; others wcro still colourless, 
thoagh their nthcles were fihrunk ; but the grcnler number 
were not much affected. Tliia was a good instance of how 
unequally the gkuds on the Bftma bladder ore eometiinea 
affected, as likewise often occiira with plants growing io foul 
water. Two other summits were treated with a Eolation which 
hod been kept during Hcverol days in a warm room, and their 
glojids were not at all ntfected when cxaniincd nfter 21 hrs. 

A weaker solution of one part of area to 437 of water was nest 
tried on six summits.alt carefully examincl before being irrigated. 
The first waa nHsiammed after 8 hrs. 30 m., and the glands, 
including the sphoricaJ ones, were brown ; many of the oblong 
glands having their primordial utricles much shrunk and in- 
cluding granules. Tho second summit, before being irrignted, 
had beca somewhat affected bj tho surrounding water, for the 
spherical glands were not quite uniform in appcarauce; and a 
few of the oblong oncB wcro brown, with their utricles shrunk. 
Of the oblong glonds, those which were before colourless, be- 
cune brown in 3 hrs. 12 m, after irrigation, with their utricles 
sligbtlj shrank. Tho spherical glands did not become brown, 
but their contents seemed changed in appearance, and after 
33 bra. still more changed and granular. Most of the oblong 
glands were now dark brown, but thth: utricles were not 
greatly shrunk. The four other specimens were examined after 
3 hrs. 30 m., after 4 hrs., and 9 hrs. ; a brief account of their 
condition will be sufficient. Tho spherical glands were not 
brown, but some of them wcro finely granular. Many of tho 
oblong glands were brown ; and those, as well as others which 
still remained colourless, had their utricles moro or less shrunk, 
some of them including small aggregated mafses of matter. 

Summary of (he Observations on Absorption. — From 
the facta now given there can bo no doubt that tho 
Tariously shaped glands on tho valve and round the 
colhir have the power of absorbing matter from weak 
solutions of certain salts of ammonia and urea, and 
from a putrid infusion of raw meat. Prof. Cobn 
believes that they secrete slimy matter ; but I was 
not able to perceive any trace of such action, ex- 
cepting that, after immersion in alcohol, extremely 
fine lines could somt-tiines be seen radiating from thoir 
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BUrfacea. The glands are Toriously affected by abaorp- 
tion ; they often become of a brown colour ; sometimea 
they^contain very fine granules, or moderately sized 
grains, or irregularly aggregated little masses ; some- 
times the nuclei appear to have increased in size ; the 
primordial utricles are generally more or less shrunk 
and sometimes ruptured. Exactly the same changes 
may be ohsL>rved in the glands of plants growing 
and flourishing in foul water. The spherical glands 
are generally affected rather differently from the 
oblong and two-armed ones. The former do not so 
commonly become brown, and are acted on more 
slowly. We may therefore infer that they differ some- 
what in their natural functions. 

It is remarkable bow unequally the glands on the 
bladders on the same branch, and ^en the glands 
of the same kind on the same bladder, are affected by 
the foul water in which the plants have grown, and by 
the solutions which were employed. In the former 
case I presume that this is due either to little currents 
bringing matter to some glands and not to others, or 
to unknown differences in their constitution. 'When 
the glands on the same bladder ore differently affected 
by a solution, we may suspect that some of them 
had previously absorbed a small amount of matter 
from the water. However this may be, we have 
seen that the glauds on the same leaf of Drosera aro 
sometimes very imequally affected, mote especially 
when exposed to certain vapours. 

If glands which have already become brown, with 
their primordial utricles shrunk, are irrigated with 
one of the effective solutions, they are not acted on, 
or only slightly and slowly. If, however, a gland 
contains merely a few coarse granules, this does not 
prevent a solution ftom acting. I have never seen 
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any appearance making it prolwlde that gluuila wliich 
have been strongly affected by absorbing matter of 
any kind are capable of recovering their pristine, 
colourless, and homogeneous condition, and of regain- 
ing the power of absorbing. 

From the nature of the solutions which were tried, 
I preanme that nitrogen is absorbed by the glands ; 
but the modified, hronnisb, more or less shrunk, and 
aggregated contents of the oblong glands were never 
seen by me or by my son to imdergo those spon- 
taneous changes of form characteristic of protoplasm. 
On the other hand, the contenia of the larger 
spherical glands often separated into small hyaline 
globules or irregularly shaped masses, which changed 
their forma very slowly and ultimately coalesceil, 
forming a central shrunken mass. Whatever may be 
the nature of the contents of the several kinds of 
glands, after they have been acted on by foul water 
or by one of the nitrogenous solutions, it is probable 
that the matter thus generated is of service to the 
plant, and is ultimately transferred to other parts. 

The glands apparently absorb more quickly than do 
the quadrifid and bifid processes; and on the view 
above maintained, namely that they absorb matter 
from putrid water occasionally emitted from the 
bladders, they ought to act more quickly than the 
processes ; as these latter remain in penuanent con- 
tact with captured and decaying animals. 

Finally, the conclusion to which we are led by 
the foregoing experiments and observations is that 
the bladders have no power of digesting animal 
mutter, though it appears tliat the quadiiflds are 
somewhat aQ'ected by a I'resh infusion of raw meat. 
It is certain that the processes within the bladders, 
and the glands outside, absorb matter from salts of 
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ammonia, from a putrid infuaiou of ritw meat, and from 
urea. The glands apparently are acted on more 
strongly by a solution of urea, and less strongly by 
an infusion of raw meat, than are the processea. The 
case of urea is particularly interesting, because we 
have seen that it produces no effect on Drosera, the 
leaves of which are adapted to digest fresh animal 
matter. But the most important fact of all is, that 
in the present and following species the quadrifid 
and bifid processes of bladders containing decayed 
animals generally include little masses of spontane- 
ously moving protoplasm ; whilst such masses are 
never seen in perfectly clean bladders. 

Development of the Bladders. — My son and I spent 
much time over this subject with small success. Oar 
observations apply to the present species and to Ulri- 
cularia vulgaris, but were made chiefly on the latter, as 
the bladders are twice as large as those of UirietUaria 
neglecta. In the early part of autumn the stems ter- 
minate in large buds, which fall off and lie dormant 
during the winter at the bottom. The young leaves 
forming these buds bear bladders in various stages of 
early development. When the bladders of TJtrieularia 
vulgaris are about -j-L^ ir^^h ("254 mm.) in diameter 
(or -54Tf in the case of Utncularia negleeia), they are 
circular in outline, with a narrow, almost closed, trans- 
verse orifice, leading into a hollow filled with water ; 
but the bladders are hollow when much under -j-J-c of 
an inch in diameter. The orifices face inwards or 
towards the axis of the plant. At this early age the 
bladders are flattened in the plane in which the orifice 
lies, and therefore at right angles to that of the 
mature bladders. They are covered exteriorly with 
papilisB of different sizes, many of which have an 
elliptical outline. A bundle of vessels, formed of 



Chip, 5VU. DEVELOFMEKT OF xnE BLADDERS. 



425 



simple elongated cells, runs up tlio short footBtalk. 
and divides at the base of the bladder. One branch 
extends up the middle of the dorsal surface, and, 
the other np the middle of the ventral surface. In 
fuU-gromi bladders the ventral bundle divides close 
beneath the collar, and the two branches run on each 
Bide to near where the comers of the valve unite with 
the collar; but these branches could not be seen in 
very young bladders. 

The accompanying figure (fig. 23) shows a section, 
which happened to be strictly medial, through the foot- 
stalk and between the nascent antennic of a bladder 
of Utricularia vulgaris, -r^hr i'l'^'' 
in diameter. The specimen was 
soft, and the youug valve be- 
came separated from the collar 
to a greater degree than is i 
natural, and is thus reproscutcd. 
We here clearly see that the 
valve and collar are infolded 
prolongations of the walls of the 
bladder. Even at this early 
age, glands could be detected 
on the valve. The state of the 
quadrifid processes will presently 
be described. The antennte at this 
period consist of minute cellular projections (not shown 
in the above figure, as they do not lie in the medial 
plane), which soon hear incipient bristles. In five' 
instances the young antennie were not of qnite equal 
length; and this fact is intelligible if I am right in 
believing that they represent two divisions of the 
leaf, rising from the end of the bladder; for, with 
the true leaves, whilst very yonng, the divisions are 
never, as far as I have seen, strictly opposite; they 
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mnst therefore be developed one after the other, and 
so it would be with the two antfunie. 

At a much earlier age, when the half formed 
bladders are only -j-nir '^'^'i ('08i6 mm.) in diameter 
or & little more, they present a totally different ap- 
pearance. One is represented on the left side of the 
accompanying drawing (fig. 24). The young leaves 




at this age have broad flattened segments, with their 
future divisions represented by prominences, one of 
which is shown on the right side. Now, in a largo 
number of specimens examined by my son, the young 
bladders appeared aa if formed by the oblique folding 
over of the apex and of one margin with a prominence, 
against the opposite margin. The circular hollow 
betiicen the infolded ajies and infolded prominenco 
apparently contracts into the narrow orifice, wherein 
the valve and collar will be developed ; the bladder 
itself being formed by the conHueuce of the opposed 
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maigms of the rest of the leaf. But strong objectiona 
may be urged against this iricw, for we must in tbis 
case suppose th^t tbe valve and collar are develojied 
asymmetrically from tbe sides of tbc apex and pro- 
minence. Moreover, tbe bundles of vascular tissue 
have to be formed in lines quite irrespective of the 
original form of tbe leaf. Until gradations can be 
shown to exist between this the earliest state and a 
young yet perfect bladder, tbe case must be left 
doubtful 

As the quadrifid and bifid processes offer one of tbe 
greatest peculiarities in the genus, I carefully observed 
their development in Uirieularia neglecta. In bladders 
about -p^ of an inch in diameter, the inner surlucc 
is studded with papillffi, rising from small cells at tbe 
junctions of the larger ones. These papilla? consist of 
a delicate conical protuberance, whie!i narrows into 
a very short footstalk, surmounted by two minute 
cells. They thus occupy the same relative position, 
and closely resemble, except in being smaller and 
rather more prominent, the papillre on the outside of 
the bladders, and on the surfaces of the leaves. The 
two terminal cells of the papillro first become much 
elongated in a line parallel to the inner surface of tbe 
bladder. Next, each is divided by a longitudinal 
partition. Soon the two half-cells thus formed sejia- 
rate from one another ; and we now have four cells or 
an incipient quadrifid process. As there is not space 
for the two new cells to increase in breadth in their 
original plane, the one slides partly under the other. 
Their manner of growth now changes, and their outer 
sides, instead of their apices, continue to grow. The 
two lower cells, which have slid partly beneath the two 
upper ones, form tbe longer and more upright pair of 
processes; whilst the two upper cells form the shorter 
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and more horizontal pair; the four together forming 
a perfect qiiadriiid, A trace of the primary diTision 
bi.>tween the twoceUaon the suiomila of the papilla can 
still be seen between the bases of the longer processes. 
The development of the quadrifids is very liable to 
be arrested, I have seen a bladder -j'-j of an inch 
in length including only primordial papilhe ; and 
another bladder, about hall' its full size, with the 
quadrifids in an early stage of development. 

As far as I eould make out, the bifid proeesacs are 
developed in the same manner as the quadrifids, 
excepting that the two primary terminal cells never 
become divided, and only increase in Ieng;th. The 
glands on the valve and collar appear at so early an 
age that I could not trace their development ; but 
we may reasonably suspect that they are developed 
from papillae like those on the outside of the bladder, 
but with their terminal cells not divided into two. 
The two segments forming the pedicels of the glands 
probably answer to the conical protuberance and short 
footstalk of the quadrifid and bifid processes. I am 
strengthened in the belief that the glands are de- 
veloped from papilla; like those on the outside of the 
bladders, from the fact that in Utn'cularia amethysHna 
the glands extend along the whole ventral surface 
of the bladder close to the footstalk. 

Utriculaeia vuxqaeis. 

Living plants from Yorkshire were sent me by Dr. Hooker. 
Tills epeoies dlBcrs from the last in the stems and leftves being 
thicker or coarser; their divisions Torm a more acute angle 
with one another; the notcliea on the leaves Ixair three or 
four short bristles instead of one ; and the bladders are twice 
as lar^o, or about \ ef an inch (o'Oti mm.) in diameter. In 
all eBEentiat respects the bladders rceemble thoee of Ctiieulana 
neglecta, but tbe sides of the peiistome ore perhaps a little laon 
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prominent, and always bear, as far as I have seen, seven or 
eight ][)Dg multicellular brJBtles. There are eleven long brintles 
on each aotenna, the terminal jtair being inchideil. Fiva 
bladders, conljuninE prey of some kind, were eiamined. The 
first included five C^pris, a lorf^ copepod and a Diaptomus ; 
the Hecond, four Cjpris; the third, a Ririplo nither larf^o crus- 
tacean ; the fourth, six crustaceans ; and the fifth, ten. Mj 
eon examined the qusdri&d processea in a bladder containing 
the remaiuB of two cruBtocton):, and found some of them full of 
spherical or irregularly F.haped masses of matter, which wore 
obserred to AoTe and to coalesce. These mosses therefore ctm- 
sisted of protoplasm. 

Utricular I A minor. 

This rare specica was sent me in a living state from Chcahiro, 
through the kindness of Mr. John Price. The leaves and 
bladders are much smaller tlian those of Vlrkubirvi nfi/hcta. 
The leaves bear fewer and shorter bristles, and the hiaddors are 
more globular. The anlennas, instead of projecting in fnmt 
of the bladders, are curled under the valve, and are nrriied with 
twelve or fourteen eitremclj long 
innlticeilular bristles, generally 
arranged in pairs. These, with 
seven or eight long bristles on 
both sides of tho peiistomc, form 
a sort of net over the Talvc, which 
would tend to prevent all ani- 
mals, exceptini; very small ones, 
entering tho bladder. The valve 
and collar have tho same essential no. as. 

atnicture as in the two previous (ciriaiiaria minor.) 

Bpecies; but the glands ore not <in«driBapra«M; Brc.tijcnbrgBi. 
quite BO numerous ; the oblong 

ones are rather more elongated, whilst tho two-armed onea are 
rather less elongated. The four bristles which project ohliquoly 
from the lower edge of the Talve are short. Their shortneaii, 
compared with those on the Talves of the foregoing spocioH, ia 
intelligible if my view is correct that they serve to prevent 
too large animals forcing an entrance through the valve, thus 
injuring it; for the valve is ahvudy protected to a certain 
extent by the incurved antenna), together with the lateral 
bristles. The bitid proeessce are like those in the previoiiH 
species; but tho quudtilids differ in the four arms (fig. 25) 
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being directed to the same aide; the two longer ones being 
central, nnJ tlie two shorter anea on the ou'Bide. 

The plants were collected in the middle of July; and the 
contents of five hladders, which from their opacity seemed full 
of prey, were eiaminod. The first contained no loss than 
iwonty-foTir minute freah-water crustaceans, moat of them con- 
BiEting of empty BhcUs, or including only a few drops of red oily 
matter; the second contained twenty; the third, fifteen; tba 
fourth, (en, some of tliom being rather larger than usual ; and 
the fifth, which Becmcd stuffed quite full, contained only seven, 
but five of these were of unusually large size. The prey, 
therefore, judging from these five bladders, consists eiclusively 
of fresh- water crustaceans, most of which appeared to be distiuct 
Bpecioa from those found in the bladders of the two former 
species. In one bladder the quadriflds in contact with a decoy- 
ing nioBB contained numerous spheres of granular matttir, 
which slowly changed their forms and positions. 

UtEICDLAHIA CLANDESTINA. 

This North American species, which is aquatic like the three 
foregoing ones, has been described by Mrs. Treat, of New Jersey, 
whose excellent observations have already been largely quoted. 
I have not as jot seen any full description byherof the structure 
of the bladder, but it appears to be hncd with qnodrifid 
processes. A vast numl>er of captured animals were found 
within the bladders ; some being crustaceans, but the greater 
numlier delicate, elongated larvte, I snppose of Culicidra. On 
some stems, "fully nine out of every ten bladders contained 
these larva or their remains." The larvs " showed signs of life 
from twonty-fonr to thirty-sii hours after being imprisoned,* 
and then perished. 
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CHAPTER XVIII. 

Utmcvlaeia {aontiiiueii). 

Ciriealarii monfaiM^DeHriptioa of the bloililcra on tho iuIiIpi^ 
raneuD rhizomea — Prey eaplured by the biml.li-rs of plunla iiiulor 
culttue and \a a stala of nature — Abeorplion l)y tbe i|iiiulriii<[ prn- 
oenm utd glanJs — TuWrt Bcrving u rcserToira for wmUt — 
Tarioos othcF Bpecica of Utriculikrla — Polypomjiholjx — Gi'uUh*, 
difleieut nature of llio trap for capturing pruy — DinirBillud 
methods by which pUnls nro nouTUbcd. 

TJtrichlaria MONTANA. — This spccios iiiliiibila tho 
tropical parts of South America, and is said to Ite 
epiphytic; but, judging frtna tho stiito of tho nuits 
(rhizomes) of some dried spc- 
cimeDS from the herharium 
at Kew, it likewise lives in 
earth, probably in crevices 
of rocks. In English hot- 
houses it is grown in peaty 
Boil. Lady Dorothy Nevill 
was 80 kind as to give me 
a fine plant, and I received 
another from Dr. Hooker. 
The leaves are entire, inateoid 
of being much divided, aa 
in the foregoing aquatic no. m. 

Bpeeiea. They are elongated, (nr*Bia™i«Mi(nmi.) 

about li inch in breadth, hrrm.'hT^^Tpg'S>inl*i.w5;Ji I'Vt 
and furnished with a dis- ^"^<^ 
tinct footstalk. The plant produces numerous colour- 
less rhizomes, as thin as threads, which licar minute 
bladders, and occasionally swell into tubers, us wiU 
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hereafter be described. These rbizomes appear ex- 
actly like roots, but occasionuUy throw up groen 
shoots. They penetrate the earth sometimes to the 
depth of -more than 2 inches ; but when the phint 
grows as an epiphyte, they must creep amidst the 
mosses, roots, decayed bark, &c., with which the trees 
of these countries are thickly covered. 

As the bladders are attached to the rhizomes, they 
are necessarily subterranean. They are produced in 
extraordinary numbers. One of my plants, though 
young, must have borne several hundreds ; for a single 
branch out of an entangled mass had thirty-two, and 
another branch, about 2 inches in length (but with its 
end and one side branch broken ofT), had pcvcniy-three 
bladders.* The bladders are compressed and rounded, 
with the ventral surfuce, or that between the summit 
of the long delicate footstalk and valve, extremely 
short (fig. 27). They are colourless and almost as 
transparent as glass, so that they appear smaller than 
they really are, the largest being under the -^ of an 
inch (1'27 mm.) in its longer diameter. They are 
formed of rather large angular cells, at the junctions 
of which oblong papillro project, corresponding with 
those on the surfaces of the bladders of the previous 
species. Similar ^pillse abound on the rhizomes, and 
even on the entire leaves, but they are rather broader 
on the latter. Vessels, marked with parallel bars 
instead of by a spiral line, run up the footstalks, and 



• Prof. Oliver bu flgored a 
plant of mricularia Jameimtana 
('Proc. Linn. Soc.' vol. iv. p. lli'J) 
huvirtgentire leaves aod rhizomes, 
like tbnee of our present epeciea ; 
but the marpina of the tcnniTial 
hiilvus of BoniD nf the li'aves itio 
Doaveit«l iuto blatltii-n. This fact 



olcarlf indicates that the bladder* 
on tbe rliizomes of the preBent and 
ffilloBinj; Bpeciea are modified aeg- 
menta of tbe leaf; and tbe; lua 
thus brouj^bt into at^cordance with 
the blaildere nitaehed to tho dl- 
vitlcd and floating Icavca of tho 
aquatic Bpeciee. 
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just enter the bases of the hladfiere ; but they do not 
bifurcate and extend up the dorsal and ventml sur- 
faces, as in the previous apecies. 

The anteanie are of moderate length, and taper to a 
fine point ; they differ conspicuously from those before 
described, in not being armed with bristles. Their 
bases are so abruptly curved that their tips generally 
rest one on each side of the middle of the bladder, but 




sometimes near the margin. Their curved bases thus 
ibrm a roof over the cavity in which the valve lies; 
but there is always left on each side a little circular 
passage into tho cavity, as may be seen in tho drawing, 
as well as a narrow passage between the bases of the 
two antennfp. As the bladders are subterranean, had 
it not been for the roof, the cavity in which the valve 
lies would have been liable to be blocked up with earth 
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and rubbish ; so that the curvature of the antennfe ia 
a serviceable character. There are no bristles on the 
outside of the collar or peristome, as in the foregoing 
species. 

The valve is email and steeply inclined, with ita free 
posterior edge abutting against a semicircular, deeply 
depending collar. It is moderately transparent, and 
bears two pairs of short stiff bristles, in the some 
position as in the olher species. The presence of these 
four bristles, in contrast with the absence of those on 
the antenuBB and collar, indicates that they are of 
functional importance, namely, as I believe, to prevent 
too large animals forcing an entrance through the 
valve. The many glands of diverse shapes attached 
to the valve and round the collar in the previous 
species are hero absent, with the exception of about 
a dozen of the two-armed or transversely elongated 
kind, which are seated near the borders of the valve, 
and are mounted on very short footstalks. These 
glands are only the -nrW of an inch (■019 mm.) in 
length ; though so small, they act as absorbents. 
The collar is thick, stifij and almost' semi-circular; it 
is formed of the same peculiar brownish tissue as in 
the former species, 

The bladders are filled with water, and sometime 
include bubbles of air. They bear internally rather 
short, thick, quadrifid processes arranged in approxi- 
mately concentric rows. The two pairs of arms o£ 
which they are formed differ only a little in length, 
and stand in a peculiar position (fig. 28); the two 
longer ones forming one line, and the two shorter ones 
another parallel line. Each arm includes a small 
spherical mass of brownish matter, which, when 
crushed, breaks into angular pieces. I have no doubt 
that these spheres are nnclei, for closely similar ones 
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are present in the cells fijrming the walla of the 
bladders. Bifid processes, having rather short oval 
arms, arise in the uaual position on the inuer side of 
the collar. 

These bladders, therefore, resemble in all essential 
respects the larger ones of the foregoing species. 
They differ chiefly in the absence of the numerous 
glands on the valve and round the collar, a ft^w minute 
ones of one Idnd alone being present on the valve. 
They difl"er more conspicuously in the absence of the 
long bristles on the antennas and on the outside of 
the collar. The presence of these bristles in the pre- 
viously mentioned species probably reliites to the 
capture of aqnatic animals. 



It seemed to me an interesting question ivhctlier 
the minute bladders of Ulricularia, monlana served, as in 
the previous species, to capture animals living in the 
earth, or in the dense vegetation covering the trees on 
which this species is epiphytic; for in this case we 
should have a new sub-class of carnivorous phints, 
namely, subterranean feeders. Many bladders, there- 
fore, were examined, with the following results : — 

(1) A Bmall Wad JcT, less than j>3 of an incli ("SIT mm.) in dia- 
meter, cnDtaiued a minute mass of brown, much decayed matter ; 
and in this, a tarsiis with four or five joints, terminating in a 
donble book, waa clearly diRtinpnished under the microscope. 
I Bnspect that it was a remnant of one of the Thysanoura. The 
quadrifids in contact with this decnycd remuimt contained either 
HHial] tuassca of translucent, jpllowinh ninttcr, generalTj more 
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or less globular, or fine pranulea. In distant parts of the BiunB 
bladder, the proccBsoa wore trnnKparent and quite emplj, with 
the exception of tlioir Bob'd nuclei. Mj son vaade &i short 
jnteFvulB of time sketches of one of tbe alxive oggregntod 
musses, and found that they continually and completely changed 
their forms; sometimes separating from one another and again 
GoaleHcing. Evidently protoplasm had bocn general^ by the 
Bbsorption of some element from the decaying animal matter. 

(2) Another bladder included a still smaller speck of decayed 
browa matter, and the adjoining quadriSds contained aggre- 
gated matter, exactly as in the last case. 

(3) A third bladder included ft larger orpiniBm, which was so 
much decayed that I could only make out that it was epinose or 
hairy. The quodriiida in this case were not much aficcted, 
excepting that the nuclei in the eevcral arms differed much in 
size; some of them containing two masses having a similar 
appearance. 

(4) A fourth bladder contained an articulate organism, for 
I distinctly saw the remnant of a limb, terminating in a hook. 
The quodriBda were not examined. 

(5) A fifth included much decayed matter apparently of some 
onimal, but with no recognisable foaturos. The quadrifids in 
contact contained numerous spheres of protoplasm. 

(6) Some few bladders on the plant which I received from 
Kew were examined ; and in one, there was a worm-shaped 
animal very little decayed, with a distinct remnant of a similar 
one greatly decayed. Several of the arms of the processes in 
contact with these remains contoinod two spherical masses, like 
the single solid nucleus which is properly found in each arm. 
In another bladder tbero was a minute grain of quartz, retnind- 
iiig me of two similar cases with Ulrica/aria n'f/hcta. 

As it appeared probable that this plant would capture a 
greater number of animals in its native country than under 
culture, I obtained permission to remove small portions of the 
rhizomes from dried specimens in the herbarium at Kow. I did 
not at first lind out that it was advisable to soak the rhizomes 
for two or three days, and that it was necessary to open the 
bladders and spread out their contents on glass; as from their 
state of decay and from having l>een dried and pressed, their 
nature could not otherwiiie be well distinguished. Boverol 
bladders on a plant which had grown in black earth in New 
Oranada were first examined ; and foiu: of these included 
remnants of animals. The first contained a hairy Acama^BO 
much decayed that nothing was left except its transparent ooat; 
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also ft jellow chiticous head of some animal with &n inlernal 
fork, to nbich the (Bsopbagua was euspeiuled, but I coald eee 
no inaDdiblea; also tha double hook of tba lareus of some 
animal ; also an elongated greatly decayed animal ; and lastly, 
& curious flask-shaped orgauiFin, baviug the walls formed of 
rounded cells. ProfesMr Claus has looked at this latter orgouism, 
and thinks that it is the shell of a rhizopod, proliabjy one of the 
Arcellidse. In this bladder, as well as in several others, there 
were some unicellular Algse, and one multicellular Alga, which 
no doubt had lived as intruders. 

A second bladder coutained an Aearus much less decayed 
than the former one, with its eight legs prescrTed ; as well as 
remnants of several other articulate animals. A third bladder 
contained the end of the abdomen with the two hinder limbs 
of an Acams. as I believe. A fourth contained remnants of a 
distinctly articulated bristly animal, and of several other orgau- 
jsms, aswell as much dark brown organic matter, the nature 
of which could not bo matle out. 

Some bladders from a plant, which had lived as an epiphyte 
ill Trinidad, in the West Indies, were next examined, but not 
SO carefully is the others; nor hod they been soaked long 
enough. Four of them contained much brown, translucent, 
granular matter, apparently organic, but with no distinguish- 
able ports. The quadrilids in two were brownish, with their 
contents granular; and it was evident that they had absortied 
matter. In a fifth bladder there was a flssk-sliaped organism, 
like that above mentioned. A siith contained a very long, 
much decayed, worm-Khaped animal. Lawtly, a seventh bladder 
contained an organism, but of what nature covild not be dis- 
tinguished- 
Only one experiment was tried on the quadrifid pro- 
cesses and glands with reference to their power of 
aljsorption. A bladder was punctured and left for 
24 hrs. in a. solution of one part of urea to 437 of 
water, and the quadrifld and bilid professes were found 
much affected. In some arms there was only a single 
symmetrical globular mass, larger than the proper 
nucleus, and consisting of yellowish matter, generally 
translucent but sometimes granular; in others there 
were two masses of different sizes, one large and the 
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otlier small ; aud in others there were irrog;ularly 
shaped glubulcs ; so that it appeared as if the limpid 
coDteBts of the processes, owing to the absorption of 
matter from the solution, had become aggregated 
sometimes round the nucleus, and sometimes into sepa- 
rate masses; and that these then tended to coalesce. 
The primordial utricle or protoplasm lining the pro- 
cesses was also thickened here and there into irregular 
and variously shaped specks of yellowish translucent 
matter, as occurred in the ease of Utrkvlaria neffleda 
under similar treatment. These specks apparently did 
not change their forms. 

The minute two-armed glands on the valve were 
also affected by the solution ;. for they now contained 
several, sometimes as many ns six or eight, almost 
spherical masses of translucent matter, tinged with 
yellow, which slowly changed their forms and posi- 
tions. Such masses were never observed in these glands 
in their ordinary state. We may therefore infer that 
they serve for absorption. Whenever a little water is 
expelled from a bladder containing animal remains 
(by the means formerly specified, more especially by 
the generation of bubbles of air), it will fill the cavity 
in which the valve lies ; and thus the glands will be 
able to utilise decayed matter which otherwise would 
have been wasted. 

Finally, as numerous minute animals are captured 
by this plant iu its native country and when culti- 
vated, there can bo no doubt that the bladders, though 
so small, are far from heing in a rudimentary con- 
dition ; on the contrary, they are highly effici«nt 
traps. Nor can there be any doubt that matter ia 
absorbed from the decayed prey by the quadrifid and 
bifid processes, and that protoplasm is thus generated. 
\N'hat tempts animals of such diverse binds to enter 
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the cavity bcDeath the bowed antennie, and then force 
their wiiy through the little slit-like orifice between 
the valve and collar into the bladders filled with 
water, I cannot conjecture. 

Tubers. — These organs, one of which ia represented 
in a previous figure (fig. 2G) of the natural size, 
deserve a few remarks. Twenty were found on the 
rhizomes of a single plant, but they cannot be strictly 
counted ; for, besides the twenty, there were all pos- 
sible gradations between a short length of a rhizome 
just perceptibly swollen and one so much swollen that 
it might be doubtfully called a tuber. When ivoll 
developed, they are oval and symmetrical, more so 
than appears in the figure. The largest which I 
saw was 1 inch (2oA mm.) in length and -45 inch 
(11-43 mm.) in breadth. They commonly lie near 
the surface, but some are buried at the depth of 
2 inches. The buried ones are dirty white, but those 
partly exposed to the light become greenish from the 
development, of chloropbyll in their superficial cells. 
They terminate in a rhizome, hut this sometimes 
decays and drops off. They do not contain any air, 
and they sink in water ; their surfaces are covered 
with the usual papillie. The bundle of vessels which 
runs up each rhizome, as soon as it enters the tuber, 
separates into three distinct bundles, which reunite 
at the opposite end. A rather thick slice of a tuber ia 
almost as transparent as gloss, and is seen to consist 
of large angular cells, full of water and not containing 
starch or any other solid matter. Some slices were 
left in alcohol for several days, but only a few 
extremely minute granules of matter were precipitated 
on the walls of the cells ; and these were much smaller 
and fewer than those precipitated on the cell-walla of 
the rhizomes and bladders. We may therefore con- 
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clnde that the tubers do not sen-e as reservoire for 
food, but for water dining the dry season to which the 
plant is probably exposed, T}io many little bladders 
filled with water would aid towards the same end. 

To test the correctness of this view, a small plant, 
growing in light peaty earth in a pot (only i^ by 4^ 
inches outside measure) was copiously watered, and 
then kept without a drop of water in the hothouse. 
Two of the upper tubers were beforehand uncovered 
and measured, and then loosely covered up again. In 
a fortnight's time the earth in the pot appeared ex- 
tremely dry ; but not nntil the thirty-fifth day were 
the leaves in the least affected; they then became 
slightly reflexed, though still soft and green. This 
plant, which bore only ten tubers, would no doubt 
have resisted the drought for even a longer time, 
had I not previously removed three of the tubers 
and cut off several long rhizomes. When, on the 
thirty-fifth day, the earth in the pot was turned out, 
it appeared as dry as the dust on a road. All the 
tubers had their surfaces much wrinkled, instead of 
being smooth and tense. They had all shrunk, but I 
cannot say accurately how much ; for as they were at 
first symmetrically oval, I measured only their length 
and thickness; but they contracted in a transverse 
line much more in one direction than in another, so as 
to become greatly flattened. One of the two tubers 
which hod been measured was now three-fourths of 
its original length, and two-tliirds of its original thick- 
ness in the direction in which it had been measured, 
but in another direction only one-third of its former 
thickness. The other tulwr was one-fourth shorter, one- 
eighth less thick in the direction in which it had been 
measured, and only half as thick in another direction. 

A slice was cut from one of these shrivelled tubers 
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and examined. The cells still contained much water 
and no air, but they were more rounded or less angular 
tlian before, and their wulla not nearly so straight ; it 
was therefore clear that the cells had contracted. The 
tubers, as long as they remain alive, have a strong 
attraction for water ; the Bhrivclled one, from whicli a 
slice had been cut, was left in water for 22 hra. 30 m., 
and its surface became as smooth and tense aa it 
originally was. On the other hanil, a shrivelled tuber, 
which by some accident had been separated from its 
rhizome, and which appeared dead, did not swell in 
the least, though left for several days in water. 

With many kinds of plants, tubers, bulba, &c. no 
doubt serve in part as reservoirs for water, but I 
know of no case, besides the present one, of such 
organs having been develoiHid solely for this purpose. 
Prof. Oliver informs me that tsvo or three other species 
of Utricularia are provided with these appendages; 
and the gionp containing them has in consequence 
received the name of orchidioides. All the other 
species of Utricularia, as well as of certain closely 
related genera, are either aquatic or marsh plants; 
therefore, on the principle of nearly allied plants 
generally having a similar constitution, a never failing 
supply of water would probably be of great importance 
to our present species. Vt'e can thus understand the 
meaning of the development of its tubers, and of their 
number on the same plant, amounting in one instance 
to at least twenty. 

Utricularia kelumbi folia, amethystina, grif- 
fituii, c^rulea, orbiculata, multjcaulis. 

As I wished to ascertain whether the bladders on 
the rhizomes of other species of Utricularia, and of the 
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species of certain closely allied genera, had the same 
essential structure as those of JJtricvlaria montana, and 
whether they captured prey, I asked Prof. Oliver to send 
me fragments from the herbarium at Kew. He kindly 
selected some of the most distinct forms, having entire 
leaves, and believed to inhabit marshy ground op 
water. My son, Francis Darwin, examined them, and 
has given me the following observations; but it 
should be borne in mind that it is extremely difficult 
to make out the structure of such minute and delicate 
objects after they have been dried and pressed/ 

Utricularianelumbifolia (Organ llountains, Brazil). — 
The habitat of this species ia remarkable. According 
to its discoverer, Mr. GarJner,t it is aquatic, but "ia 
only to be found growing in the water which collects 
in the bottom of the leaves of a large Tillandaia, that 
inhabits abundantly an arid rocky part of the moon- 
tain, at an elevation of about 5000 feet above the level 
of the sea. Besides the ordinary method by aeed. it 
propagates itself by ruunors, which it throws out from 
the base of the flower-stem ; this runner is always 
found directing itself towards the nearest Tillandsis, 
when it inserts its point into the water and gives 
origin to a new plant, which in its turn sends ont 
another shoot. In this manner I have seen not less 
than six plants united." The bladders resemble those 
of Utricularia montana in all essential respects, even to 
the presence of a few minute two-anned glands on the 
valve. Within one bladder there was the remnant of 
the abdomen of some larva or crustacean of large size. 



• Prof. Oliver has given ('Proo. but he dees noi appear to h»To 

Linn. Soc' vnl. iv. p. 16i)} %un» paid particular attcnlion to IheM 

ul the bladdun of two boiith orgHna. 

American Bpccics, namely, Vfri- f 'Trarela in (lie Interior of 

Buiaria Jametcniana and ptUaia; Brazil, ISStMl,' p. 527. 
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having a brush of lung sharp bristles at the apex. 
Other bladders included fmgmeiita of articulate ani- 
mals, and many of them contained broken pieces of a 
eiirious organism, the nature of which was not recog- 
nised by anyone to whom it was shown, 

Utricularia amethysttjut (Guiana). — This Bpecies boa 
small entire leaves, and is apparently a marsh plant; 
hut it must grow in places whtTe crustaceans exist, 
for there were two small species within one of the 
bladders. The bladders are nearly of the some shape 
OS those of Utricularia montana, and are covered outside 
with the usual papillre; but they differ remarkably in 
the anteunm being reduced to two short points, united 
by a membrane hollowed out in the middle. This 
membrane is covered with innumerable oblong glands 
supported on long footstalks; most of which are 
arranged in two rows converging towards the valve. 
Some, however, are seated on the margins of the mem- 
brane; and the short ventral surface of the bladder, 
between the petiole and valve, is thickly covered with 
glands. Most of the heads had fallen off, and the foot- 
stalks alone remained ; so that the ventral surface and 
the orifice, when viewed under a weak power, appeared 
as if clothed with fine bristles. The valve is narrow, and 
bears a few almost sessile glands. The collar against 
which the edge shuts is yellowish, and presents the 
usual structure. From the large number of glands on 
the ventral surface and round the orifice, it is probable 
that this species lives in very foul wat-er, from which it 
absorbs matter, as well as frolh its captured and decay- 
ing prey, 

Utricularia ffrijilhii (Malay and Borneo). — The 
bladders are transparent and minute; one which was 
measured being only -^i^ of an inch ('711 mm.) 
in diameter. The antenna; are of moderate length, and 
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project straight forwnrd ; they are united for a short 
apace at their biises by a membrane ; and they bear a 
moderate number of bristles or hairs, not simple as 
heretofore, but surmounted by glands. The bladders 
also differ remarkably from those of the previous species, 
as within there are no quadrifid, only bifid, processes. 
In one bladder there was a minute aquatic larva; 
in another the remains of some articulate animal; 
and in most of them grains of sand. 

Vlrictilaria cierulea (India). — The bladders re- 
semble those of the last species, both in the' general 
character of the antenna and in the processes with- 
in being exclusively bifid. They contained remnants 
of entomostracan crustaceana, 

L'lricularia orbiculata (India). — The orbicular leaves 
and the stems bearing the bladders apparently float in 
water. The bladders do not differ much from those of 
the two last species. The anfennEC, which are united 
for a short distance at their baaes, bear on their outer 
surfaces and summits numerous, long, multicellular 
hairs, surmounted by glands. The processes within 
the bladders are quadrifid, with the four diverging 
arms of equal length. The prey which they had 
captured consisted of entomostracan crustaceans. 

Utricularia multicauUs (Sikkim, India, 7000 to 
11,000 feet). — The bladders, attached to rhizomes, 
are remarkable from the structure of tho antcnnse. 
These are broad, flattened, and of large size ; they 
bear on their margins multicellular hairs, surmounted 
by glands. Their base^ are united into a single, 
rather narrow pedicel, and they thus appear like a 
great digitate expansion at one end of the bladder. 
Internally the quadrifid processes have divergent arms 
of equal length. The bladders contained remnants of 
articulate animals. 
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PoLYPOMrUOLYX. 

This gemis, which is confined to Western Australia, 
is characterised by having a " quadripartite calyx," In 
other respects, as Prof, Oliver remarks,* " it is quite a 
Utricularia." 

Pdypomphohjx muUiJiJa. — The bladders are attached 
in whoria round the summits of stiff stalks. The two 
autennie are represented by a minute membranous 
fork, the basal part of wiiich forms a sort of hood over 
the orifice. This hood expands into two wings on caeh 
side of the Madder. A third wing or crest appears to 
be formed by the extension of the dorsal surface of the 
petiole ; but the structure of these three wings could not 
be clearly made out, owing to the state of the speci- 
mens. The inner surface of the hood is lined with 
long simple hairs, containing aggregated matter, like 
that within the quadrifid processes of the previously 
described species when in contiict with decayed ani- 
mals. These hairs appear therefore to serve as absor- 
bents. A valve was seen, but its structure could not 
be determined. On the collar round the valve there 
are in the place of glands numerous one-celled papillte, 
having very short footstalks. The quadrifid processes 
have divergent arms of equal length. Bemains of 
entomostracan crustaceans were found witUin the 
bladders, 

Pol'jpompholi/x ieneUa. — The bladders are smaller 
than those of the last species, but have the same 
general stnicture. They were full of debris, apparently 
organic, but no remains of articulate animals could 
be distinguished. 

" ' Proo. Linn. 6oc.' vol. iv. p. 17J. 
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Genlisea. 



This remartable genus is tecliniwilly (listinguiahed 
from Utricularia, as I hear from Prof. Oliver, by 
having a flvo-partite calyx. Species are founil in 
several parts of the world, and are said to be " herbte 
anniice paludosfe." 

Genlisea omata (Brazil). — This species. has been 
described and figured by Br. Warming," who states 
that it bears two kinds of leaves, called by him 
spathulate and iitriculiferous. The latter include 
cavities ; and as these differ much from the bladders of 
the foregoing species, it will be convenient to speak of 
them as utricles. The accompanying figure (fig. 29) 
of one of the utriculiferous leaves, about thrice en- 
larged, will illustrate the following description by my 
son, which agrees in all essential points with that 
given by Dr. Warming. The utricle (6) is formed 
by a slight enlargement of the narrow blade of the 
leaf. A hollow neck (w), no less than fifteen times 
as long as the utricle itself, forms a passage from the 
transverse slit-like orifice (o) into the cavity of the 
utricle. A utricle which measured -^g of an inch 
('705 mm.) in its longer diameter had a neck ^ 
(10-583 mm.) in length, and ^-L- of an inch ('254 mm.) 
in breadth. On each side of the orifice there is a long 
spiral arm or tube (a) ; the structure of which will be 
best understood by the following illustration. Take a 
narrow ribbon and wind it spirally round a thin 
cylinder, so that the ctlgcs come into contact along its 
whole length; then pinch up the two edges so as to 
form a little crest, which will of course wind spir&lly 

• " Bidrog til KuniJMkHbon om LentibulariacoiD," Copeuhagen, 1874, 
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round the cylinder like a thread round & screw. If the 
cylinder is now removed, we shall have a tube like one 
of the spiral arms. The tno projecting edges are not 
actually united, and a needle 
can bo pushed in easily be- 
tween them. They are in- 
deed in many places a little 
separated, forming narrow 
entrances into the tube ; 
but this may be the result 
of the drying of the speci- 
mens. The lamina of which 
the tube is formed seems 
to be a lateral prolongation 
of the lip of the orifice ; 
and the spiral line between 
the two projecting edges is 
continuous with the comer 
of the orifice. If a fine 
bristle is pushed down one 
of the arms, it passes into 
the top of the hollow neck. 
Whether the arms are open 
or closed at their extre- 
mities could not bo deter- 
mined, as all the specimens 
were broken ; nor il 
appear that Dr. Wanning 
ascertained this point. 

So much for the external 
structure. Internally the 

lower part of the utricle is covered with spherical 
pttpillie, formed of four cells (sometimes eight accord- 
ing to Dr. Warming), which evidently answer to the 
quadrifid processes within the bladders of Utricularia. 
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CENLISEA OENATA, 



Obap. XVIIL 



These papillm extend a little way up the dorsal and 
ventral surfaces of the utricle ; and a few, according to 
AVanuing, may bo found in the upper part. This 
upper region ia covered hy many transverse rows, one 
above the other, of short, closely approximate hairs, 
IKiiiiting downwards. These hairs have broad base«, 
and their tips are formed 
by a separate ceU. They 
are absent in the lower part 
of the utricle where the pa- 
pilla* abound. The neck 
is likewise lined throughout 
its whole length with trans* 
verse rows of long, thin, 
transparent hairs, having 
broad bulbous (fig. 30) bases, 
with similarly constructed 
sliarp points. They arise 
fronj little projecting ridges, 
formed of rectangular epi- 
dermic cells. The hairs 
vary a little in length, 
but their points generally 
extend down to the row 
nest below; so that if the 
neck is split open and laid 
flat, the inner surface re- 
sembles a paper of pins, — 
fntlihS^ the hairs representing the 
pins, and the little transverse 
ridges representing the folds 
of paper through which the 
I)iE3 are thrust. These rows of hairs are indicated 
in the previous figure (29) by numerous transverse 
linos crossing the neck. The inside of the neck is 
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also studded with papillm ; those in the lower part are 
spherical and formed of four cells, aa in tlie lower part 
of the utricle ; those in the upper part are formed of 
two cells, which are much elongated downwards beneath 
their points of attachment. These two-celled pajiillas 
apparently correspond with the bifid process in the 
upper part of the bladders of Utrieularia. The narrow 
transverse orifice (o, fig. 20) is situated between tho 
bases of tho two spiral arms. No valvo could bo 
detected here, nor was any such structure seen by 
Dr. Warming. The lips of the orifice arc armed witli 
many short, thick, sharply pointed, somewhat incurved 
hairs or teeth. 

The two projecting edges of the spirally wound 
lamina, forming the arms, are provided with sliort 
incurved hairs or teeth, exactly liko those on tho 
lips. These project inwards at right angles to iho 
spiral line of junction between the two edges. The 
inner surface of the lamina supports two-ccllod, elon- 
gated papillae, resembling those in tho upper part of 
the neck, but differing slightly from them, according 
to Warming, in their footstalks being formed by 
prolongations of large epidermic cells ; whereas tho 
papillfG within the neck rest on email cells sunk 
amidst the larger ones. These spiral arms form a 
conspicuous difference between the present genus 
and Utrieularia. 

Lastly, there is a bundle of spiral vessels which, 
running up the lower part of tho linear leaf, divides 
close beneath the utricle. Ono branch extends up tho 
dorsal and the other up tho ventral side of both tlio 
utricle and neck. Of these two branches, one euters 
one spiral arm, and the other branch the other arm. 

The utricles contained much debris or dirty matter, 
which seemed organic, though no distinct organisms 
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conid be recognised. It is, indeed, scarcely possible 
that any object could enter the small orifice and paaa 
down the long narrow neck, except a living creature. 
Within the necks, however, of some specimens, a worm 
with retracted homy jaws, the abdomen of some 
articulate animal, and specks of dirt, probably the 
remnants of other minute creatures, were found. 
Many of the papillse within both the utricles and 
necks were discoloured, as if they had absorbed matter. 
From this description it is sufiicicntly obvious how 
Genlisea secures its prey. Small animals entering 
the narrow orifice — but what induces them to enter is 
not knoivn any more than in the case of Utrieularia — 
would find their egress rendered difficult by tbe sharp 
incurved hairs on the lips, and as soon as they passed 
some way down the neck, it would be scarcely possible 
for them to return, owing to the many transverse towb 
of long, straight, downward pointing hairs, together 
with the ridgCB from which these project. Such crea- 
tures would, therefore, perish either within the neck 
or utricle ; and the quadrifid and bifid papillie would 
absorb matter from their decayed remains. The 
transverse rows of hairs are so numerous that they 
seem superfluous merely for the sake of preventing 
the escape of prey, and as they aro thin and delicate, 
they probably serve as additional absorbents, in the 
same manner as the flexible bristles on the infolded 
margins of the leaves of Aldrovanda. The spiral arms 
no doubt act as accessory traps. Until fresh leaves 
are examined, it cannot be told whether the line of 
junction of the spirally wound lamina is a little open 
along its whole course, or only in parta, but a small 
creature which forced its way into the tube at any 
point, would be prevented from escaping by the 
incurved hairs, and would find an open path down 
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the tube into the neck, and so into the Qtiicle. If the 
creature periahed withiii the spiral anns, ita decaying 
remains would be absorbed and utilised by the l>ifid 
papilliK. We thus see that animals are captured by 
Gcnlisea, not by means of an elastic Talve, as with 
the foregoing species, but by a contri^'ance resembling 
an eel-trap, though more complex. 

Oenlisea africana (South Africa). — Fragments of the 
utriculiferous leaves of this species exhibited the 
same structure as those of Geniiaea omaia. A nearly 
perfect Acarus was found within the ntricle or neck 
of one leaf, but in which of the two was not recorded. 

Genlisea aurea (Brazil). — A fragment of the neck 
of a ntricle was lined with transverao rows of hairs, 
and was furnished with elongated papilla?, exactly 
like those within the neck of Geniisea omaia. It is 
probable, therefore, that the whole utricle ia similarly 
constructed. 

Genlisea fili/ormis (Bahia, Brazil). — JIany leaves 
were examined and none were found provided with 
utricles, whereas such leaves were fouud without diffi- 
culty in the three previous species. On the other 
hand, the rhizomes bear bladders resembling in essen- 
tial character those on the rhizomes of Ufricularia, 
These bladders are transparent, and very small, viz. 
only -f-i-TT of an inch ("254 mm.) in length. The 
antenniC are not united at their bases, and apparcutly 
bear some long hairs. On the outside of the bladders 
there are only a few papillic, and internally very few 
quadrilid processes. These latter, however, are of un- 
usually large size, relatively to the bladder, with tho 
four divergent arms of equal length. No prey could 
be seen within these minute bladders. As the rhizomes 
of this species were furnished with bladders, those of 
Geniiaea afrieana, omata, and aitrea wore carefully 
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examined, but none could be found. What are we to 
infer from these facts? Did the three species just 
named, like their close allies, the several species of 
Utticularia, ahoriginnlJy possess bladders on thoir 
rhizomes, which they afterwards lost, acquiring in 
their place ufriculiferous leaves ? In support of this 
■view it may be urged that the bladders of Oenlisea 
fiUformis appear from their small size and from the 
fewness of their quadrifid processes to be tending 
towards abortion ; but why has not this species 
acquired utriculiferous leaves, like its congeners ? 

CoNCLDSios. — It has now been shown that many 
species of Utricularia and of two closely allied genera, 
inhabiting the most distant parts of the world — 
Europe, Africa, India, the Malay Archipelago, Austra- 
lia, North and South America — are admirably adapted 
for capturing by two methods small aquatic or terres- 
trial animals, and that they absorb the products of 
their decay. 

Ordinary plants of the higher classes procure the 
requisite inorganic elements from the soil by means 
of their roots, and absorb carbonic acid from the 
atmosphere by moans of their leaves and stems. 
But we have seen in a previous part of this work 
that there is a class of plants which digest and 
afterwards absorb animal matter, namely, all the 
DroseraccEc, Pinguicula, and, as discorercd by Dr. 
Hooker, Nepenthes, and to this class other species 
will almost certainly soon bo added. These plants 
can dissolve matter out of certain vegetable 8ul>- 
stances, such as pollen, saeds, and bits of leaves. No 
doubt their glands likewise absorb the salts of am- 
monia brought to them by the rain. It has also beea 
shown that some other plants can absorb ammonia by 
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their glandalar hairs ; and these nill profit by that 
brought to thpm by the rain. There is a second class 
of plants which, as we have just seen, eaniiot digest, 
but absorb the products of the decay of the animals 
which they capture, namely, L'triculnria and its close 
allies; and from the excellent observations of Dr. 
Mellichamp and Dr. Canby, there can scarcely bo a 
doubt that Sarraeenia and Darlingtonia may be added 
to this class, though the fact can hardly be considered 
as yet fully proved. There is a third class of plants ' 
which feed, as is now generally admitted, on the 
products of the decay of vegetable matter, such as 
the bird's-nest orchis (Neottia), tic. Lastly, there is 
the well-known fourth class of parasites (such as tho 
mistletoe), which are nourished by the juices of 
living plants. Most, however, of the plants belonging 
to these four classes obtain part of their carbon, like 
ordinary species, from the atmosphere. Such are the 
diversified means, as far as at present known, by which 
higher plants gain their subsistence. 
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Works of Charles Darwin. 



JOURNAL 

S"7 


OF research; 


ES Lnlo the Nalurnl History and C( 
tain Fitiioy, R. N. i voL, tamo. 579 page 


" Darwin was neati* five yean on booid the Biarli. A ken Dbserrcr, and a ecki 
work bai been Ibr ume time before the pubUc, and hat won a high place amon 


Ssts;- "■ • , ' 


ChriiluutAitvoiaU. 


It IS an uitluctiyB and mtcrtituig hook. - 


THE ORIGIN OF SPECIES 
the Preservation of Favored Races : 


i by Means of Natural SelcctioTi, t 

in (he StiuEEle for Life. New and reviicd ed 
.lod«. ivol„»nio. Oolh. Price, Sa« 


•■ Personallj 
a student of ge. 
■geiandlaboii. 


' and practically eaercised in loology. in minnic anatomy, In geolog; 
Dili coUection ; baying largely advanced, each of these branches of ic 



SpetU' is able ID diaw at will,^ prodigious.""— /'to/ r. W-.'^^Sf/. 

THE DESCENT OF MAN, and SEleclion in Relalion to Sex. 
With liluilr^ilions. New edition, revised and augmented. Complete in one vol. 
nmt 689 pages. Plice, (l.oo, 

il. includina Sir Charles Lyell, probably the man luarned of geolauiits, and even by 
a claas of Christian divinei like Dr. IilcCinb. who think that certGn theories oT ros- 

m«*dom'gTioleBee 10 faith. "^-^ur-W *'"''•"'•. °' ' " 

THE EXPRESSION OF THE EMOTIONS IN MAN AND 

the Lower Animals. With Photographic and other lUuHratlons. I voL, tluck 

izmo. Qoth. Price, tj, so. 

" Whatever one' Ihioks of Mt. Darwin's theory, il must be admitted that hi< great 
pavers of obscrvaiiun are tff conspicuous as ever in this inquiry. During a space tif 
more than thirty yean, he has, with eaemplarv patience, been accumulaiina infoma- 
tino from all available sources. The result of ^l this ii undoubtedly the collection ofa 

INSECTIVOROUS PLANTS. With Illustrations, i vol., lamo. 
Qoth. Price, $1.00. 

" In concluilon, we lay this book down with increased admiiation fnr Mr. Darwin 
as a discoverer and eipiHitar oTrictB, and with great SBiiifaclian at the lodease to our 
koowledee orptaQIphjmology givenus. as well as the ample protnise oT further addi- 
Unns aa the dinct consequence of the present puhUcatUHt.'^Ao'f/tff' AtMfM^nm- 

" In this wnrk Mr. Darwin'i patient and painstaking methods of investigation a^ 
pcBT ID the heat possible advantages It Is impoaHibte to read il without eBthusiailic 
admiratim tor the inseainlv which be displays m devising teats to deiemine the char- 
acteriitiea of the plants, the peculiarities of which he is studyinn, and, ai is always 
the case with hint, he presents the conclusinns arrived at in language so lucid lh^.t he 

the profesHonal studenL"— A'. K Tiiari. 

D, AFPLETON & CO., Pdbushbss, 549 & 551 Broadwar, N. V. 



THE DESCENT OF MAN. 

DARWIN. 

The Deacent of Man, 

AND SELECTION IN RELATIOy TO SEX By Charlm Dab- 
win, M. A., F. R. S„ etc. Wilh IllQstraliona. New, revised flod 
enlarged edition. Cutaplele in one to]. l!ima. Cloth. Price, (13. 

Origin of Species by Means of Natural SelecKonf 

Or, (he PreaerTBtion of Faiored RaceB in the Struggle for Life. New 
uid n^ifei eJition. lij Ciurleb Dutwm, U. A., F. K &., f. G. 8L, 
etc With copious In del- 1 vol., 12nio. Cloth. Price, tia.00 
ST. GEOrtGffi MIVARX. 

On the Oenesis of Species. 

By 9r. Gedkhi Mctart, F,R.S, 12tno, S19 pages. nitBtrutod. 
aoth. Price, (1.70. 

SPENCEB. 

The Principles of Biology. 

fij HiKBEUt Spencee. S vols. (S.OO. 

Sfan'x Place in Nature, 

Bj TnauAs 11. IIdxlet, LL. D,, F. ICB 1 voL, ISico Clulh. 
Price, tl.ao. 
On the Origin of Species, 

ByTHOMi3B.HDiLKr,H..D.,F.Ra iToL.lSniD. Qoth. Friactl. 

Bereditary Gonitis i 

An Inquiry into its Laws and Consequences. By Frahcej Galkui 
New revised edition. ISmo. Cloth. Price, (2.00. 

FIG-TJIHR. 

Primitive Man, 

lUuBtnited with thlKy Scenes of Frimitive Life, and 283 Figures of 
Olijccta beloQiiing Co PrehiEloric Ages. By Louia Fiouieh, mutbtn 
of " The World before the Deluge," " The Ocean World," eW. 1 
ToU, 8vo. Cloth. Price, 14.00, 

LUBBOCK. 

Origin of CivUlzation, 

AND THE FRIMITIVE CONDITION OF MAN. ByFlrJoim 
LcBBDOt, Bart, U. P. 1 to!., ISmo. Qoth. Prieo (2.00. 

Either of ths kibuTe miHed io any addresi within the United Suites, un 
mriut uf prioe. 

D. APPLETON & CO., Publishers, 

NoL eie L B61 BROADWAT. N. T. 




INTERNATION AL SCIE NTIFIC SERIES. 

NOiy READY. 
I. F0HM3 OP WATEB, in Cltrndi. Ram, Rivm. Ice, and Glaclfri, By 

Proi: JohkTvbdaij.. LL.D., F. R.S. i vol. Cloih. Price, $.,so. 
. 2. FHT8IC8 AlID FOLITIOS; ar.Thoughu onthc AppUcacionorihc 

PiinciiJa of ■' Naiuial Stleiaion" and '■ Inhtriuace" ID Poliricil Sodtiy. 

By Walter Baoehot. Eiq., author oC "The EheUiH Ci>i»Iiiuti<Hi." i 

voL OoUi. Prite, $..sa 
I. FOODS. By Euwabd Smith, M. D., LL. B., F. R. a i voL amh 

P.icc.$,.75. 
L HIND AND BODT. The Theories of Ihtir Felilion. By Al«i[. 

iimo! tir.th.' Price, (1.5a 
i. THE BTODY OP 80CI0L0QT. By Hebbbut Skni-eh. Price, 

). THE NEW CHEHISTBT. By Prof Jo!1iah P. Cooke, Jr., of Har- 

r. THE CONBSBVATION OP EHEaOT. lly Pmt Dalfoub 
Stewart, LL. D , F. R. S. . lol., iimo. CiDlh. Price, $1.50. 

I. ANIKAt, r,OCOMOTIONl or. W^ing. S»iiiiiiiiiig, and Flyinf, 
«.ih a DLwruiion on Astonaulics. By J. Beuu Ptnir-REw, M. D., 
F.R.S., K.R.S.E., F.B.C.P.E. . vol., .imo. Fully iUuinaled, 
Price, %,.-!i- 

i. KE8PONSIBII.ITT IN MENTAL DISEASE. By Hejisv 
MAfDiLirv, M. D. T.ol,iiinQ, LlDth. Price, $i.ja 

D. THE SOIENCB OP LAW, Uy Prot Sheldos Amos. 1 vol., nmo. 
Clcth. Pric.,$,.75. 

1. ANIUAL MECHAHTSH, A Treatiie on TeTretmal imd Acml 
Loconviiion, ByK. J. Marev. With 1T7 lllusinuoni. Priie, $1.75. 

a. THE HISTOBT OP THE CONFLICT BETWEEN BE- 
LllilfJN AND SCIENCE. By JOHM Wm. DnAhER, M.V.. authur 
of'ThelntcDcctuil Developmenl of Europe." Pnce. $1.75. 

3. THE DOOTEINE OF DESCENT AND DARWINISU. 



, M. A., F. I.S. With K19 

»o, 16. THE LIFE AND GBOWTH OP LANQTTAOE. By Prol 

W. D. Whitkiv, of Vale Collcee. Price, |i.jo, 
'So. 17, THE NATTTBE OP LIQHT, with a General Account of Phyiicil 

Optics. By Dr. EiroEBE Lo^mE^ Profcisor of Phyiic. in the Uniyeriity 

of Eiliniien. With iSS lUuitialiDu and a Plate oT Specm IoOuodid. 

lithography, {/n/rfjj.y 

D. APPLETON & CO., Publishers, 549 & 551 Broadwaj, N. Y, 
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POPULAR SCIENCE LIBRARY. 



Under ihU tiile will be iisaed i series of neat and attractive books, 
*t Ihc Bniform price of a dollar each, tliat shall bring the varied and im- 
portanl resulli of modem scientilic inquiry within easy reach of all 
classn of readeri. Much of the wonderful intelleclual aclivily of the 
age is taking a scientiRc direction, and nearly every depai-lment of 
knowledge 'n powerfully alTected by it ; but the results are usually em- 
bodied in books so large that many people have neither money to buy 
them nor time to read tnem. while the reproduction of the ripest scien- 
tilic literature, in form suitable for extensive diflTusion, has by no means 
kept pace with the general advance of thought. The " POPULAR 
SCIENCE LIBRARY " will contribute to this desirable object bv pre- 
senting a series of volumes — oripnal, translations, reprints, and atrHig- 
ments — with copious illustrations, in all the departments of science that 
are of practical and popular interest. It will take a free range in its 
choice ofsubjects, and treat them in a way that will be must interesting 
and prolitable to general readers. 

The following works have just been issued, to be folloivcd by others 
of a similar character, from time to time. 



Price, 



I. HEALTH, Dy Dr. Edward Smith, F. R. S. 

II. THE NATURA.L HISTORY OF MAN. 

Prof. A. DB Ql AT RE PAGES. lllialnilcd. Translalcd fr.™ iHs Fn 
by Eliu A. Youniaiis. 

III. THE SCIENCE OF MUSIC. iih,...»it,!, iiy Sn, 



IV. OUTLINE OF THE EVOLUTION PHI- 
LOSOPHY. By Dr. E. C.ZBi-ttl. Timi.!"!-.! (Wiin III* 
FrcDch by Bcv. O. B. FrolhiriRhan;. 

V. ENGLISH MEN OF SCIENCE: thrh' No- 
ture and Nurtur*e. By Fiahci* G*nr«i, F, R, k. 

D. APPLETQN &■ CO., PublUhm, 549 4* %%\ UnMJmiy, N. V. 



THE GREAT ICE AGE, 

AND ITS RELATIONS TO THE ANTIQUITY OF MAS. 

By JAMES GEIKIE, F. R. S. E. 
With MapB, Chnrta, and. numerous lltuetFaUona. 

1 vol., thick lamo. . . . Price, $3.50. 

OPIt^rONS OP THE PRESS. 

thLi volurae ihan can be Eiihcrtd from > icon of olhei tourcM. The aulhor wiilM 
Dol only fw Ihc benefii of hLs ' fellow-luiiiiniMsn,' bui alio for nonipKiaJiiu, »nil 
iny one gifted with cuiiosilr in respect to the natural hblm; of tbe earth mil be Ac 
lighted <riih the deir iiBteiDeiits and ample illutuuioni of Mr. Uelldc'i 'GnU lee 
Age.' "—Efiiiofal Kigiiler. 

•"The Gieat Ice Age ' is a work of eniaordhrarT Lntetesl and value. The iub)ect 
is peculiarly attractive in the immcosity ofiti scope, and ciercisea a£uciiiUioD over the 
imagination so absarbiriE that it can icarccly find FjuprGSLon in wonk. It has all the 

Gaulli. 

'* Mt. Geilcie has succeeded in writing one of the moat channibg volnnkes ld the 
library of populariied sctrnce." — Utua Hirtld. 

" We cannot too heartily commend the style ot this book, which is uientific ud yta 
popular, and yet not 10 popular ai to dispense with the necessity of the reader's putting 
bi> mind 10 tvotk in srder to Ibllow cut the authoi in his fordble yet lueid argumenli. 
NtH- can the attentive reader fail to leave the work with the same enthuiiaim over the 
nt^ect as is shown in ereiT page by the lalentol author."— /Vrliiirf/Vra. 

" Although Hr. Geikie'i poidiion to the scientific world is such as to indicate that 
he is a pretty safe teacher, some of his views are decidedly original, and he doei dci 
mahe a point of slicking to the beaten iaib."—Sfrfms/!i/ii Unum. 

"Prof, (ieikie's book is one thai may well engage thoughtful itudenis olhet than 
getrfogists, bearing as it does on the absorbing nuestion of the uowtitKn histoiy of our 
race. The closing chapiei of his work, in which, reriewing his analytical metbad. he 
consbucn the story of the checkered past of the last 900,000 years, can scarcely bil to 
give food for thought even to the indifTerenl,"— ^K^ni!" Cunritr. 

" Erery step in the process is traced with admirable perspicuity and fiiDnesi hj 
Mr. Geikie."— Zau^in Salurilay Rrcira,. 

" Itoflen to the student of geology by &r the complclest necounl of the period yet 
publuhcd. and is chatacleiired throughout by refreshing vigor of diction and originality 
•f IboLghL"— Ciijfi™ Htiald. 

D. APPLETON & CO., Publishers, 

549 & 5S1 Bboadwav, N. Y, 



Blevanth Edition, Hntip«ly RavlBod. 

Principles of Geology; 

THE MODERN CHANGES OF THE EARTH 

ITS INHABrrAifTS CONSIDERED AS ILLI/STRA T/yS OF CEOLOCi'- 

In a Vols. 8vo. Cloth. 

ILLUSTRATED WITH MAPS, PLATES, AND WOODCUTS. 

Br Si« CHARLES LYELL. Bmtt., M. A., F. R. Hl 

PRICE, *8,00. 



" I hivt followed the rule adopud id mj Gnl rolLimc, of rtpnatinff Ihc Prcftce to 
ilie leplb cdium. by which the Ruder will be dticcicd to ihoK immeroiu and impor- 

of ihe science innte die Miro yean wbicb Kpanled the niulh uui woih ediuooi." — 
Etlnxil/mm fnfia. 

In thU lut ediilon of Psmaiura or Gmoloct, Sir Charlei LytH hu Kt the leil 
of hii nuiuRd expeiience ud connctioiu upon ■ woik which hu [« ytan held iha 
position of 1 cljuiic Id the litcature of icience. KocydDpxdic in iti icope. wid ct- 
hiiuiiTe in iu DeBHoent of every department of that iiudy for which out language hu 

may be Imked upon with pride, not ODly ai i [eprucgtalive d1 EoKluh Ktcnce, but ai 
without R rival of iu kind anywhere. Crowing in fiUoeu and accuracy with thegnnrth 
of experience and ohKivation in e«ry region of [ho worid, the work hai incorpcmed 
with ibcEf ea£h eitablithed ducovery, uid haa been modilied by every hypolhnia of 
value which had been brou^i to bear upota, or been envolvcd from, the moit rtcenl 
body of ia£ii, lu succeuive editions rhua itajtd aa a acnei of landniarki, tDdkattng 
Ihe gradual eipansion or liie of geologiul knowledge during a lifetime happily pro- 
longed over at leait iivo average leneraiiona. In the Impraaion now before ui, tho 
veteran gcolneiit might he eipected to have comparaiively little to add by xay of novel 
mailer to the Iharaughly revised and Uirgely nwritlen edition, the tenth in order, which 
he put forth scarcely more than three yean agn, separated as that tditioii wai by an 
interval of fifteen years fromihai immediately preceding iL There are, nrnwilhatind- 
ing, sundry points of impotlance which call for notice as contributing lo Ibc facts com- 
prised within hia general icope, as well as enhancing Ihe unity and fonx ol the aigu- 
menl which nms through the leogih and breadih of his system. These editians hnvg 

among them the mm lively and active interest among uudenl* of Nature. The (ir»t 

divcracly aflecled by water. The second is Ihe lateil phase assumed by the dluiuMion 

life at [Teat depths, as dciennined by recent dredging opeiationt 

D. APPLETON & CO., PubllBhors, 

', NEW YORK. 



A New Magazine Jot Students and Cultivated Readers. 



POPULAR SCIENCE MONTHLY, 



. YOUMANS. 



TH8 growing impartance of sdeatidc knovledge to >U classes of Out 
commumty calls for more efficient means of diHiising it. Ttie Populak 
SciBNCR Monthly bos been started to promote this object, snd supplies t 
want met by no other periodical in the Uniied Slates. 

It contniDS instructive and attractive articles, and abstracts o! articles, 
QiiEinal, lelecled, and illustrated, from the leulin^ scientific men of diOer- 
ent countries, giving the latest interpretations of natural phenomena, ex- 
plainine the application! or science to the practical arts, and to the opera- 
tions oldDmestic life. 

It is designed to give especial prominence to those branches of sdcnce 
which help to a better undcrstandme of the nature of man ; to present the 
claims of scientific education ; and llie bearings of science upon questions 
of society and government. How the various subjects of current opiuion 
are affected by the advance of scientific jnauiry will also be eoosidered. 

In its literary ctiniacter, this periodical aims to be popular, without be- 
ing superficial, and appeals to the intelligent reading-classes of the comma- 
nity. It seeks to procure authentic sinlenients from men who know Iheir 
subjects, and who will address the non-scientiGc public for purposes of ex- 
position and Eiplanation. 

It will have contributions from IlERBERT SPENCER, Professor HtlXLEV, 
Professor TvNDAt.L, Mr. Dahwin, and other writers idenlilied with specu- 
lative thought and scientific investigation. 

THE POPULAR SCIENCE MONTHLY is publithcd i» a hrgt 
ftlava, hatuUamtly printed ait clear lyft. Ttrms, Fivt Dollars peramatmt 
tr Fi/ly Cents per copy. 
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